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COMPOUNDS 



The present invention relates to pyrrolobenzodiazepines (PBDs), 
and in particular pyrrolobenzodiazepines having a C2-C3 double 
bond, an aryl group at the C2 position, and particular 
substituents on that C2 aryl group. 

Background to the invention 

^ 2 ^^^I— (PBDs) have the ability to recogn.se 
and bond to specific sequences of DNA; the preferred sequence xs 
PuGPu The first PBD antitumour antibiotic, anthramycxn, was 
discovered in 1965 (Leimgruber, at al., J- Am. Che*. See, 87, 
5793-5795 (1965); Leimgruber, at al., J. Am. Chem. Soc:, 87, 
5791-5793 (1965)). Since then, a number of naturally occurring 
PBDs have been reported, and over 10 synthetic routes have been 
developed to a variety of analogues (Thurston, et al., Che,. Sev 
1994 433-465(1994)). Family members include abbeymycxn 
(Hochlowski, etal., J. Antibiotics, 40, 145-148 < 1987 ^ 
Licamycin (Konishi, et al., J. Antibiotics, 37, 200-206 (1984,) 
DC-81 (Japanese Patent 58-180 487; Thurston, et al., Chem. Brat. 
26 767-772 (1990); Bose, et al., Tetrahedron, 48, 751-758 
(1992)), mazethramycin (Kuminoto, et al., J. Antibiot.es, 33, 
665-667 (1980))/neothramycins A and B (Takeuchi, et al . , J. 
Antibiotics, 29, 93-96 (1976)), porothramycin (Tsunakawa, et al. 
, J Antibiotics, 41, 1366-1373 (1988)), prothracarcin (Shxmxzu, 
al , J. Antibiotics, 29, 2492-2503 (1982); Langley and Thurston 
j org. Chem., 52, 91-97 (1987)), sibanomicin (DC-102) (Hara, et 
al . t J. Antibiotics, 41, 702-704 (1988); Itoh, et al. , J. 
Antibiotics, 41, 1281-1284 (1988)), sibiromycin (Leber, et al., 
3 J Am. Chem. Soc, 110, 2992-2993 (1988)) and tomamycin (Arxma, 
etal ., J. Antibiotics, 25, 437-444 (1972)). PBDs are of the 
general structure: 
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They differ in the number, type and position of substituents, m 
both their aromatic A rings and pyrrolo C rings, and xn the 
degree of saturation of the C ring. In the B-ring there xs 
5 either an imine (N=C) , a carbinol amine (NH-CH(OH) ) , or a 

carbinolamine methyl ether (NH-CH (OMe) ) at the N10-C11 ^sit.,on 
' which is the electrophilic centre responsible for alkylatxng DNA. 
Ml of the known natural products have an (S) -configuration at 
the chiral Clla position which provides them with a right-handed 
10 twist when viewed from the C ring towards the A ring. Thxs gxves 
them the appropriate three-dimensional shape for isohelxcxty wrth 
the minor groove of B-form DNA, leading to a snug f xt at the 
binding site (Kohn, In Antibiotics III. Springer-Verlag, New 
York pp 3-11 (1975); Hurley and Needham-VanDevanter, Acc. Chein. 
15 Res ', 19, 230-237 (1986)). Their ability to form an adduct xn 
the'minor groove, enables them to interfere with DNA processing, 
hence their use as antitumour agents. 

The present inventors have previously disclosed, in WO 00/12508, 
20 that the following compounds, amongst many other, are cytotoxxc: 

1 





OMe 



25 



More recently, in Cooper. N., et al., Che,. Comn,un., 1«, 1764- 
1765 (2002), the following compound was also disclosed as bexng 
cytotoxic alongside the compounds shown above. 



Disclosure of the invention 

The present inventors have now discovered that a certain class of 
these compounds exhibit surprising activity against cancer cell 
lines, compared to the known compounds discussed above. 

Therefore, a first aspect of the present invention is a compound 
of formula (I) : 
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(1) 



and salts, solvates, chemically protected forms, and prodrugs 
thereof, wherein: 

r«, R 7 and R 9 are independently selected from H, R, OH, OR, SH, 
SR, NH 2 , NHR, NHRR' , nitro, Me 3 Sn and halo; 
where R and R' are independently selected from optionally 
substituted Ct_, alkyl, C 3 - 20 heterocyclyl and C 5 . 20 aryl groups; 
R e is selected from H, R, OH, OR, SH, SR, NH 2 , NHR, NHRR' , nitro, 
Me 3 Sn and halo, or the compound is a dimer with each monomer being 
of formula (I), where the R 8 groups of each monomers form together 
a dimer bridge having the formula -X-R'-X- linking the monomers 
„nere R» is a C 3 - 12 alkylene group, which chain may be interrupted 
by one or more heteroatoms, e.g. 0, S, HH, and/or aromatic r.ngs, 
eg. benzene or pyridine, and each X is independently selected 
•from 0, S, or NH; 

I r any pair of adjacent 9 ro U ps fro* «• to toother for, a 9 roop 
-0-(CH 2 ) P -0-, where p is 1 or 2; and 
R 2 is selected from: 

(i) an optionally substituted napthyl group; 

(ii) an optionally substituted thiophenyl group; and 



« 
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(iii) a phenyl group substituted by: 

( a) one or more chloro or fluoro groups; 

(b) an ethyl or propyl group; 

(c) a 4-t-butyl group; or 

(d) a 2 -methyl. group. 

A seoond aspect of the present invention is the use of a compound 
of the first aspect of the invention in a method of therapy. 

a third aspect of the present invention is a pharmaceutical 
composition containing a compound of the first aspect of the 
invention, and a pharmaceutical^ acceptable carrier or diluent. 

A fourth aspect of the present invention provides the use of a 
15 compel of the first aspect of the invention in the manufacture 
of a medicament for treating a proliferative disease. 

One of ordinary sfcill in the art is readily able to determine 
whether or not a candidate compound treats a 
20 condition for any particular cell type. For example, assays 

• „h v he used to assess the activity offered by 
which may conveniently be used to a 

a particular compound are described in the examples below. 

• The term -prolif erative disease" pertains to an unwanted or 

25 uncontrolled cellular proliferation of excessive or abnormal 
c^s which is undesired, such as, neoplastic or hyperplastic 
growth, whether in vitro or in vivo. 

f oroliferative conditions include, but are not limited 
samples of ^ malignant cellular proliferation, 

30 to, benign, pre many nau r 

Eluding but not rimited to, neoplasm and tumours (..,. 
Mrtocyt—. ,11—. astrooyorca, osteoma,, oancers Ce.g. lung 
:iJ, -U ceU run, canoe,, gastrointestina ™, M 
oanoer, oolon canoer, breast oarinoma, overran oarernoma. 
35 Z tate oanoer, testiourar oanoer, liver oanoer, fcrdney oanoex, 
Ladder oanoer, panoreas oanoer, brain oanoer, saroo 
osteoses, Kaposi's saroo.,, !«*— ■ P™"' 



b o„e oiseases, ^proliferative disarms of connective 

tissues), and atherosclerosis. 

, . of cell may be treated, including but not limited to, 
T Tastroini estinal (including, e.g. bowel, colon), breast 
5 lung, gastromtesti (he patic) , kidney (renal), 

(mammary), ovarian, prostate, 
bladder, pancreas, brain, and skin. 

10 ^r^optionall, substituted" as used berein, Plains to a 
Patent g reup .hie* »ay be unsut-stituted or »nicn -y be 
substituted. 

the term -substituted" as used 

rr^ioc:* otherwise specif iea, tne 
15 Terein Pertains to a parent group which bears one or more 
15 herein, p ~ subst ituent" is used herein in the 

substitutents. The ^ ^ . g 

conventional sense and refers 

t r:rrt^;%i:=ri:; r^n, a„ d 

parent groups are also well known. 

0 £ substituents are described in -ore detail below. 

„ ™ «r alkvl" as used herein, pertains to a 
25 d-, alkyl: The term C alkyl hydrogen at om from a 

• 4-,, drained bv removing a nyaroyen 
monovalent moiety obtained oy 1 to 7 carbon 

w arnffl of a hydrocarbon compound having from 1 to / 
carbon atom of hy ali cyclic, and which may be 

atoms, which may be aliphatic Y unsaturate d, fully 

• saturated or unsaturated ^ sub . cla sses 

30 unsaturated) . Thus, the t alk y ^ 

alkenyl, alkynyl, cycloalkyl, etc., 

. alkvl groups include, but are not limited 

Examples of saturated alkyl group 

to, methyl (*> , ethyl (C 2 ) , propyl (« , butyl <C<) 
35 hexyl (C 6 ) and heptyl (C 7 ) • 

. ^ , inpa r alkvl groups include, but are not 
Examples of saturated linear alkyl g o p 



Umited to, .ethyl (C) , ethyl <C> , n-propyl (C, , n-butyl (c., , 
„-pentyl (amyl) CO , n-hexyl (C) and n-heptyl (C) . 

Examples of saturated breached alkyl groups iaclude iso-propyl 
s Tcir rso-hutyl .C, sec-butyl (c>. tert-butyl CO , iso-pentyl 
(C 5 ) , and neo-pentyl (C 5 ) • 

C,, Altenyl: The term "C,, alrenyl" as used " 
an alkyl group having one or more carbon-carbon double bonds . 

0 samples or unsaturated alkenyl groups include »* 

limited to, ethenyl (vinyl, -CH-CH,) , 1-prop.nyl (-CH-CH CH,> , 
TroPenyl (allyl. -CH-CH-CH,, , isopropenyl ,1-methy vrnyl, 

^4 i ff ^ oentenvl (C s ) , and hexenyl (C 6 ) . 
_ C (CH 3 )=CH 2 ) , butenyl (C 4 ) , pentenyj. v s/ / 

15 ^ ^ «p alkvnvl" as used herein, pertains to 

r- -lvunvl- The term "C 2 -7 alKynyx 

al'alTgroup having one or more carbon-carbon triple bonds. 

Examples of unsaturated alkynyl groups include, but are not 
Exampxes oi- 2-propynyl (propargyl, 

20 limited to, ethynyl (ethinyl, -C-CH) and p 



CH 2 -C=CH) • 



25 



30 



35 



C cycloalkyl: The term «C 3 - 7 cycloalkyl" as used herein, 

\ s to an alkyl group which is also a cyclyl group; that xs, 

obtained by removing a hydrogen atom from an 

. . r\f a cvclic hydrocarbon (carbocyclxc) 
alicyclic rxng atom of a cyclxc hy includ ing 
compound, which moiety has from 3 to 7 carbon 
from 3 to 7 ring atoms. 

• Vint are not limited to, 

Examples of cycloalkyl groups xnclude, but 

those derived from: 

saturated monocyclic hydrocarbon compounds: 
1 ™me (CO cyclobutane <C«) , cyclopentane (C s ) , 
ire"™ <c:» , eycloheptane «« . methylcyclopropana ,«,,. 
dimethylcyclopropane (C.) , methylcyclobutane C s , 
dimethylcyclobutane (C.) , metbylcyclopeatane (C.) , 
dimethylcyclopentane (ft) and methylcyclohexane (C, , 




unsaturated monocyclic hydrocarbon compounds: 

10Dropene <c 3 ), cyclobutene (C 4 ) , cyclopentene (C s ) , 
cyclopropene < ) y (c<) , dime thylcyclopropene 
cvclohexene (C 6 ) , memy-L^y^^f ^ 
Cs) , xaethylcyclobutene (C 5 ) , dimethylcyclobutene 
5 Lthylcydopentene (C 6 ) , dimethylcyclopentene (C,) and 

methylcyclohexene (C 7 ) ; and „ olinds . 

saturated polycyclic hydrocarbon compounds, 
norcarane (C) , norpinane <*> , norbornane (C 7 ) . 

>, a + 0 rnrvclvl" as used herein, 
. . „ 0 _,. r1 vi . The term "C3-20 heterocyciyx 
0 C 3 - 20 heterocyclyl. in rtW . aine d by removing a hydrogen 

. a : M to a monovalent moiety obtained oy 1 
pertains to a hete rocyclic compound, which moiety 

atom from a ring atom of a hetero y 

* m .to 20 ring atoms, of which from 1 to 10 are ring 
has from 3 to iu ring <x atoms, 
hsteroatoms. preferably, each ring has from 3 to 
15 of which from 1 to 4 are ring heteroatoms . 

In this context, the prefixes (e.g. <W <** 
the number of ring atoms, or range of nomber o 

hofnrnafnitis For example, the terra 
whether carbon atoms or heteroatoms. hete rocyclyl 
20 "C 5 - 6 heterocyclyl", as used herein, pertains to a 
group having 5 or 6 ring atoms. 

• i-„ s^Procvclvl groups include, but are not 
Examples of monocyclic heterocyciyi g t> ( 

limited to, those derived from: 
25 Nl : aziridine (C 3 ) , azetidine (C 4 ) , pyrrolidine 

, x ,r \ ovrroline (e.g., 3-pyrrolme, 
(tetrahydropyrrole) (O , Pyrroli \ (isopyrrole, 

2,5-dihydropyrrole) (C.) , 2H- P yrrole or »««^ 
isoazole) (C 5 ) , piperidine (C 6 ) , dihydropyndme (C 6 ) , 
1-Ptrahvdropyridine <C«) , azepine (C 7 ) ; 

tetrahydropy oxolane (tetrahydrofuran) IC) , 

30 d: oxirane (C 3 ) , oxetane , 

* s ir \ oxane (tetrahydropyran) (C 6 ) , 
oxole (dihydrofuran) (C 5 ) , °* ane ^ e 

Cs , , thiane (tetrahydrothiopyran, ,C, , thiepane C> . 
oj dioxoiane CM. dioxane (C) . and dioxepane |C). 



0 3 : trioxane (Ce) ; 



8 



lidine (diazolidine) (C 5 ) , 

(Ce) r dihvdrooxazole (C 5 ) / 

Sl0l : tetrahydroosazo a 1<W . ^ (c ,, , morp boline (C) . 

5 ^rahydroisoxazole ,« . (c<) , oxazin e ,« , 

tetrahydrooxaaina IC) , 01 s thiomorpholina (C«) ; 

, • ~ f \ thiazolidme v^si » 
NlSl : thiazoline (C 5 ) , tnia 

Nz0l : oxadiazine (C) ; (thioxane) (C) ; and, 

0x8! s oxathiole (C 5 ) and oxathxane (tn 
10 MxdSx: oxathiazine (C 6 ) . 

i 4 r heterocyclyl groups include 
E1!a »plaa o £ subatitutad aonooyolac ^ 

th oae derived f «• ^^uranoaa , lyxofuranosa , 

*«~ ~ lC5> ^lor— and pyranosas ,C, , such » 
15 ribofuranosa, and xy alucopy rano 5 e , mannopyranosa, 

tszr - — 

» c aryl". as usad harain, pertains to a 
C,„ aryl: Tbe r moving . bydrogen .t- fr- an 

20 monovalent moiety obtained by ^ ^ >ty has £rom 

— — ° f ZZZ y aacb 'ring bas from 3 to , ring 

3 to 20 ring atoms. Preterau 

atoms • 

r C 5 6 , etc.) denote 
In this context, the ^^X^'* «« 
the number of ring atoms, or rang^ ^ ^ ^ ^ 

wh ether carbon atoms or hete ^ having 5 or 6 

aryl « a s used herein, pertams to an a y 



25 



ring atoms. 



30 



- — as in -carboaryl groups" 

i- ,n r-arbon atoms, as 

The ring atoma may ba all ^ Umited to , 

Exa mplea ox oarboaryl groups ^ {c>) , naphthala „e (Co, , 

those derived from bensene , U... » (Cu) , naph th a eene 

\ anthracene (Cm), P llc 
azulene (C x o) r antn " 



35 (C M ) > and pyrene Id.) 



# 




Examples of aryl groups which comprise fused rings, at least one 
of which is an aromatic ring, include, but are not limited to, 
groups derived from indane (e.g. 2, 3-dihydro-lH-indene) (C 9 ) , 
indene (C 9 ) , isoindene (C 9 ) , tetraline 
5 (1, 2, 3, 4-tetrahydronaphthalene (C 10 ) , acenaphthene (Ci 2 ) , fluorene 
(C13) / phenalene (Ci 3 ) , acephenanthrene (Ci 5 ) , and aceanthrene 
(C 16 ) . 

Alternatively, the ring atoms may include one or more 
10 heteroatoms, as in "heteroaryl groups''. Examples of monocyclic 
heteroaryl groups include, but are not limited to, those derived 
from: 

N x : pyrrole (azole) (C 5 ) , pyridine (azine) (C 6 ) ; 

Oi: furan (oxole) (C 5 ) ; 
15 Si: thiophene (thiole) (C5) ; 

Nid: oxazole (C 5 ) , isoxazole (C 5 ) , isoxazine (C 6 ); 

N 2 Oi: oxadiazole (furazan) (C 5 ) ; 

N3O1: oxatriazole (C 5 ) ; 

N1S1: thiazole (C 5 ) , isothiazole (C 5 ) ; 
20 N 2 : imidazole (1, 3-diazole) (C 5 ) , pyrazole (1, 2-diazole) (C 5 ) , 

pyridazine (1, 2-diazine) (C 6 ) , pyrimidine (1, 3-diazine) (C 6 ) 

(e.g., cytosine, thymine, uracil), pyrazine (1, 4-diazine) (C 6 ) / 

N 3 : triazole (C 5 ) , triazine (C 6 ) ; and, 

N 4 : tetrazole (C 5 ) . 

25 

Examples of heteroaryl which comprise fused rings, include, but 
are not limited to: 

C 9 (with 2 fused rings) derived from benzofuran (Oi) , 
isobenzofuran (Oi) , indole (Nx) , isoindole (N a ) , indolizine (Ni) , 

30 indoline (N x ) , isoindoline (N x ) , purine (N 4 ) (e.g., adenine, 

guanine), benzimidazole (N 2 ) , indazole (N 2 ) , benzoxazole (NiOx), 
benzisoxazole (N1O1) , benzodioxole (0 2 ), benzofurazan (N 2 Oi) , 
benzotriazole (N 3 ) , benzothiof uran (Si), benzothiazole (N a Si) , 
benzothiadiazole (N 2 S) / 

35 C10 (with 2 fused rings) derived from chromene (Ox) , 

isochromene (Oj) , chroman (Oi) , isochroman (Oi) , benzodioxan (0 2 ) , 
quinoline (Ni) , isoquinoline (Ni) , quinolizine (N x ) , benzoxazine 
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(NiOx) , benzodiazine (N 2 ) , pyridopyridine (N 2 ) , quinoxaline (N 2 ) , 

quinazoline (N 2 ) , cinnoline (N 2 ) , phthalazine (N 2 ) , naphthyridine 

(N 2 ) , pteridine (N 4 ) ; 

Cn (with 2 fused rings) derived from benzodiazepine (N 2 ) ; 
.5 C 13 (with 3 fused rings) derived from carbazole (N x ) , 

dibenzofuran (Oi) , dibenzothiophene (Si), carboline (N 2 ) , 

perimidine (N 2 ) , pyridoindole (N 2 ) ; and, 

C14 (with 3 fused rings) derived from acridine (Ni) , xanthene 

(Oi) , thioxanthene (Si), oxanthrene (0 2 ) , phenoxathiin (OiSi) , 
10 phenazine (N 2 ) , phenoxazine (N x Ox) , phenothiazine (NiSi) , 

thianthrene (S 2 ) , phenanthridine (Ni) , phenanthroline (N 2 ) , 

phenazine (N 2 ) . 

The above groups, whether alone or part of another substituent, 
15 may themselves optionally be substituted with one or more groups 
selected from themselves and the additional substituents listed 
below. 

Halo: -F, -CI, -Br, and -I. 

20 

Hydroxy: -OH. 

Ether: -OR, wherein R is an ether substituent, for example, a 
alkyl group (also referred to as a Ci- 7 alkoxy group, discussed 
25 below) , a C 3 _ 20 heterocyclyl group (also referred to as a C 3 - 20 

heterocyclyloxy group) , or a C 5 _ 20 aryl group (also referred to as 
a C5-20 aryloxy group), preferably a C^alkyl group. 

Alkoxy: -OR, wherein R is an alkyl group, for example, a C1-7 alkyl 
30 group. Examples of C1-7 alkoxy groups include, but are not 

limited to, -OMe (methoxy) , -OEt (ethoxy) , -O(nPr) (n-propoxy) , - 
0{iPr) (isopropoxy) , -O(nBu) (n-butoxy) , -O(sBu) (sec-butoxy) , 
-O(iBu) (isobutoxy), and -O(tBu) ( tert-butoxy) . 

35 Acetal: -CH(OR 1 ) (OR 2 ), wherein R 1 and R 2 are independently acetal 
substituents, for example, a C1-7 alkyl group, a C 3 - 20 heterocyclyl 
group, or a C 5 - 20 aryl group, preferably a C1-7 alkyl group, or, in 
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the case of a "cyclic" acetal group, R 1 and R 2 , taken together 
with the two oxygen atoms to which they are attached, and the 
carbon atoms to which they are attached, form a heterocyclic ring 
having from 4 to 8 ring atoms . Examples of acetal groups 
5 include, but are not limited to, -CH(OMe) 2 , ~CH(OEt) 2 , and 
-CH(OMe) (OEt) . 

Hemiacetal: -CH(OH) (OR 1 ), wherein R 1 is a hemiacetal substituent, 
for example, a Ci- 7 alkyl group, a C 3 _ 20 heterocyclyl group, or a 
10 C5-20 aryl group, preferably a alkyl group. Examples of 

hemiacetal groups include, but are not limited to, -CH(OH) (OMe) 
and -CH(OH) (OEt) . 

Ketal : -CR (OR 1 ) (OR 2 )* , where R 1 and R 2 are as defined for acetals, 
15 and R is a ketal substituent other than hydrogen, for example, a 
C x -7 alkyl group, a C 3 - 20 heterocyclyl group, or a C 5 - 20 aryl group, 
preferably a Ci_ 7 alkyl group. Examples ketal groups include, but 
are not limited to, -C (Me) (OMe) 2 , -C (Me) (OEt) 2 , -C (Me) (OMe) (OEt ) , 
-C(Et) (OMe) 2/ -C(Et) (OEt) 2/ and -C(Et) (OMe) (OEt) . 

20 

Hemiketal: -CR (OH) (OR 1 ) , where R 1 is as defined for hemiacetals, 
and R is a hemiketal substituent other than hydrogen, for 
example, a Ci-7 alkyl group, a C 3 . 20 heterocyclyl group, or a C 5 - 20 
aryl group, preferably a alkyl group. Examples of hemiacetal 

25 groups include, but are not limited to, -C(Me) (OH) (OMe), - 
C(Et) (OH) (OMe), -C(Me) (OH) (OEt), and -C(Et) (OH) (OEt). 

Oxo (keto, -one) : =0. 

30 Thione (thioketone) : =S. 

Imino (imine) : -NR, wherein R is an imino substituent-, for 
example, hydrogen, C1-7 alkyl group, a C 3 - 2 o heterocyclyl group, or 
a C 5 - 20 aryl group, preferably hydrogen* or a C1-7 alkyl group. 
35 Examples, of ester groups include, but are not limited to, =NH, 
=NMe, =NEt, and =NPh. 
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Formyl (carbaldehyde, carboxaldehyde) : -C(=0)H. 

Acyl (keto) : -C (==0) R, wherein R is an acyl substituent, for 
example, a C1-7 alkyl group (also referred to as Ci_ 7 alkylacyl or 
5 Ci_ 7 alkanoyl) , . a C 3 . 20 heterocyclyl group (also referred to as C 3 _ 20 
heterocyclylacyl) , or a C5-20 aryl group (also referred to as C 5 - 20 
arylacyl), preferably a C1-7 alkyl group. Examples of acyl groups 
include, but are not limited to, -C(=0)CH 3 (acetyl), -C(=0)CH 2 CH 3 
(propionyl), -C (=0) C (CH 3 ) 3 (t-butyryl) , and-C(=0)Ph (benzoyl, 
10 phenone) . 

Carboxy (carboxylic acid): -C(=0)0H. 

Thiocarboxy ( thiocarboxylic acid): -C(=S)SH. 

15 

Thiolocarboxy ( thiolocarboxylic acid): -C(=0)SH. 
Thionocarboxy (thionocarboxylic acid): -C(=S)OH. 
20 Imidic acid: -C(=NH)0H. 

Hydroxamic acid: -C(=N0H)0H. 

Ester (carboxylate, carboxylic acid ester, oxycarbonyl) : 
25 -C(=0)0R, wherein R is an ester substituent, for example, a C1-7 
alkyl group, a C 3 - 20 heterocyclyl group, or a C 5 - 2 o aryl group, 
preferably a C1-7 alkyl group. Examples of ester groups include, 
but are not limited to, -C(=0)0CH 3 , -C (=0) OCH 2 CH 3 , -C (=0) OC (CH 3 ) 3r 
and -C(=0)OPh. 

30 

Acyloxy (reverse ester): -0C(=0)R, wherein R is an acyloxy 
substituent, for example, a Cx-7 alkyl group, a C 3 . 20 heterocyclyl 
group, or a C 5 - 20 aryl group, preferably a C1-7 alkyl group. 
Examples of acyloxy groups include, but are not limited to, 
.35 -0C(=0)CH 3 (acetoxy), -OC (=0) CH 2 CH 3 , -OC (=0) C (CH 3 ) 3 , -OC(=0)Ph, and 
-0C(=0)CH 2 Ph. 



\ 
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Oxycarboyloxy : -0C (=0)011, wherein R is an ester substituent, for 
example, a alkyl group, a C 3 _ 2 o heterocyclyl group, or a C 5 - 20 
aryl group, preferably a C x - n alkyl group. Examples of ester 
groups include, but are not limited to, -OC(=0)OCH 3 , 
5 -OC(=0)OCH 2 CH 3 , -OC(=0)OC(CH 3 ) 3 , and -0C(=0)0Ph. 

Amino: -NR^ 2 , wherein R 1 and R 2 are independently amino 
substituents, for example, hydrogen, a Ci- 7 alkyl group (also 
referred to as C1--7 alkylamino or di-Ci-7 alkylamino) , a C 3 _ 20 

10 heterocyclyl group, or a C 5 _ 2 o aryl group, preferably H or a C1-7 

alkyl. group, or, in the case of a "cyclic" amino group, R 1 and R 2 , 
taken together with the nitrogen atom to which they are attached, 
form a heterocyclic ring having from 4 to 8 ring atoms. Amino 
groups may be primary (-NH 2 ) , secondary (-NKR 1 ) , or tertiary (- 

15 NHR 1 R 2 ), and in cationic form, may be quaternary (~ + NR 1 R 2 R 3 ) . 

Examples of amino groups include, but are not limited to, -NH 2 , 
-NHCH 3 , -NHC(CH 3 ) 2 , -N(CH 3 ) 2 , -N(CH 2 CH 3 ) 2 , and -NHPh. Examples of 
cyclic amino groups include, but are not limited to, aziridino, 
azetidino, pyrrolidino, piperidino, piperazino, morpholino, and 

20 thiomorpholino . 

Amido (carbamoyl, carbamyl, aminocarbonyl, carboxamide) : 
-C(=0)NR x R 2 , wherein R 1 and R 2 are independently amino 
substituents, as defined for amino groups. Examples of amido 

25 groups include, but are not limited to, -C(=0)NH 2 , -C(=0)NHCH 3 , 
-C(=0)N(CH 3 ) 2 , -C(=0)NHCH 2 CH 3 , and -C ( =0 ) N ( CH 2 CH 3 ) 2 , as well as 
amido groups in which R 1 and R 2 , together with the nitrogen atom 
to which they are attached, form a heterocyclic structure as in, 
for example , piper idinocarbonyl , morphol inocarbonyl , 

30 thiomorpholinocarbonyl, and piperazinocarbonyl . 

Thioamido (thiocarbamyl) : -C (=S) NR 1 R 2 , wherein R 1 and R 2 are 
independently amino substituents, as defined for amino groups. 
Examples of amido groups include, but are not limited to, 
35 -C(=S)NH 2 , -C(=S)NHCH 3 , rC (=S) N (CH 3 ) 2 , and -C (=S ) NHCH 2 CH 3 . 





14 



Acylamido (acylamino) : -NR^ (=0) R 2 , wherein R 1 is an amide 
substituent, for example , hydrogen, a Ci- 7 alkyl group, a C 3 _ 2 o 
heterocyclyl group, or a C 5 - 20 aryl group, preferably hydrogen or a 
C1-7 alkyl group, and R 2 is an acyl substituent, for example, a C x - 7 
5 alkyl group, a C 3 _ 20 heterocyclyl group, or a C 5 - 20 aryl group, 

preferably hydrogen or a Ci_ 7 alkyl 'group. Examples of acylamide 
groups include, but are not limited to, -NHC(=0)CH 3 , 
-NHC(=0)CH 2 CH 3 , and -NHC(=0)Ph. R 1 and R 2 may together form a 
cyclic structure, as in, for example, succinimidyl , maleimidyl, 
10 and phthalimidyl : 



I I 

o^ N ^o o^ N ^o 

succinimidyl maleimidyl phthalimidyl 




1 



Aminocarbonyloxy: -QC (=0) NR*R 2 , wherein R 1 and R 2 are independently 
amino substituents, as defined for amino groups. Examples of 
15 aminocarbonyloxy groups include, but are not limited to, - 
OC(=0)NH 2 , -OC(=0)NHMe, -OC(=0)NMe 2 , and -0C (=0) NEt 2 . 

Ureido: -N (R 1 ) CONR 2 R 3 wherein R 2 and R 3 are independently amino 
substituents, as defined for amino groups, and R 1 is a ureido 
20 substituent, for example, hydrogen, a Ci- 7 alkyl group, a C 3 -. 20 

heterocyclyl group, or a C 5 - 2 o aryl group, preferably hydrogen or a 
Ci_7 alkyl group. Examples of ureido groups include, but are not 
limited to, -NHC0NH 2 , -NHCONHMe, -NHCONHEt, -NHC0NMe 2 , -NHC0NEt 2 , 
-NMeC0NH 2 , -NMeCONHMe, -NMeCONHEt, -NMeC0NMe 2 , and -NMeCONEt 2 . 



25 
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Guanidino : -NH-C ( =NH ) NH 2 . 

Tetrazolyl: a five membered aromatic ring having four nitrogen 
atoms and one carbon atom, 
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Imino: =NR, wherein R is an imino substituent, for example, for 
example, hydrogen, a Ci~ 7 alkyl group, a C 3 _ 20 heterocyclyl group, 
or a C5-20 aryl group, preferably H or a Ci- 7 alkyl group. Examples 
of imino groups include, but are not limited to, =NH, =NMe, and 
5 . =NEt . 



Amidine (amidino) : -C(=NR)NR 2 , wherein each R is an amidine 
substituent, for example, hydrogen, a Ci_ 7 alkyl group, a C 3 _ 2 o 
heterocyclyl group, or a C 5 - 20 aryl group, preferably H or a C1-7 
10 alkyl groups Examples of amidine groups include, but are not 
limited to, -C(=NH)NH 2 , -C(=NH)NMe 2 , and -C ( =NMe ) NMe 2 . 

Nitro: -N0 2 . 
15 Nitroso: -NO. 
Azido: -N 3 . 
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Cyano (nitrile, carbonitrile) : -CN 



Isocyano: -NC 



Cyanato : -OCN . 



25 Isocyanato: -NCO. 



Thiocyano ( thiocyanato) : -SCN. 



Isothiocyano (isothiocyanato) : -NCS 



Sulfhydryl (thiol, mercapto) : -SH. 



Thioether (sulfide) : -SR, wherein R is a thioether substituent, 
for example, a C1-7 alkyl group (also referred to as a C^alkylthio 
35 group) , a C 3 _ 2 o heterocyclyl group, or a C 5 _ 20 aryl group, preferably 
a Cj_ 7 alkyl group. Examples of C x - 7 alkylthio groups include, but 
are not limited to, -SCH 3 and -SCH 2 CH 3 . 



Disulfide: -SS-R, wherein R is a disulfide substituent, for 
example, a Ci- 7 alkyl group, a C 3 - 20 heterocyclyl group, or a C 5 - 20 
aryl group, preferably a C^ 7 alkyl group (also referred to herein 
as Ci-7 alkyl disulfide) . Examples of C x ^ alkyl disulfide groups 
include, but are not limited to, -SSCH 3 and -SSCH 2 CH 3 . 

Sulfine (sulfinyl, sulfoxide): -S(=0)R, wherein R is a sulfine 
substituent, for example, a Ci_ 7 alkyl group, a C 3 _ 2 o heterocyclyl 
group, or a C 5 _ 20 aryl group, preferably a alkyl group. 
Examples of sulfine groups include, but are not limited to, 
-S(=0)CH 3 and -S (=0) CH 2 CH 3 . 

Sulfone (sulfonyl): -S(=0) 2 R, wherein R is a sulfone substituent, 
for example, a alkyl group, a C 3 - 20 heterocyclyl group, or a 

C5-20 aryl group, preferably a alkyl group, including, for 

example, a fluorinated or perf luorinated alkyl group. 
Examples of sulfone groups include, but are not limited to, 
-S(=0) 2 CH 3 (methanesulfonyl, mesyl) , -S(=0) 2 CF 3 (triflyl), 
-S(=0) 2 CH 2 CH 3 (esyl), -S(=0) 2 C 4 F 9 (nonaflyl) , -S (=0) 2 CH 2 CF 3 
(tresyl), -S (=0) 2 CH 2 CH 2 NH 2 (tauryl) , -S(=0) 2 Ph (phenylsulf onyl , 
besyl), 4-methylphenylsulfonyl (tosyl) , 4-chlorophenylsulf onyl 
(closyl), 4-bromophenylsulfonyl (brosyl), 4-nitrophenyl (nosyl) , 
2-naphthalenesulfonate (napsyl), and 5-dimethylamino-naphthalen- 
1-ylsulfonate (dansyl) . 

Sulfinic acid (sulfino) : -S(=0)0H, -S0 2 H. 
Sulfonic acid (sulfo) : ~S(=0) 2 0H, -S0 3 H. 

Sulfinate (sulfinic acid ester): -S(=0)0R; wherein R is a 
sulfinate substituent, for example, a Ci- 7 alkyl group, a C 3 . 20 
heterocyclyl group, or a C 5 - 20 aryl group, preferably a C x . 7 alkyl 
group. Examples of sulfinate groups include, but are not limited 
to, -S(=0)OCH 3 (methoxysulfinyl; methyl sulfinate) and 
-S (=0)OCH 2 CH 3 (ethoxysulfinyl; ethyl sulfinate). 
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* 

B ,ter) • -S(=0) 2 OR, wherein R is a 
Sulfonate (sulfonic acid ester) I 

sulfonate substituent, for example, a C« «£j : P 

«r- a c* on aryl group, preferaoxy a w i 
heterocyclyl group, or a C 5 . 20 y are not limited 

« Examoles of sulfonate groups include, but ar 
group. Examples o met hyl sulfonate) and 

to, -S(=0) 2 OCH 3 .(methoxysulfonyl, methyl 

-S(=0) 2 OCH 2 CH 3 (ethoxysulf onyl; ethyl sulfonate). 

n,,-o>R wherein R is a sulfinyloxy substituent, 
Sulfinyloxy: -°=<-°>*' gtoup , . Cs . !0 beterocyclyl group, or a 
£or example, a J Exa]nples of 

C, M aryl group, ^ _ ^ limited to , -0S ( -O,CH, and 

sulfinyloxy groups mcluae, 



-OS(=0)CH 2 CH 3 . 



V.xv -OS(=0) 2 R, wherein R is a sulfonyloxy substituent, 
Sulfonyloxy. 0.( 0^ c 3 . 20 ne terocyclyl group, or a 

15 for example, a alkyi g P alkylgr0 up. Examples of 

r arvl qroup, preferably a C w alKyi g f n<3 ,_ n x rH , 

C 5 - 2 o aryi 9^ limited to, -OS (-0) 2 CH 3 

sulfonyloxy groups include, but are not 
(mesylate) and -OS (=0) 2 CH 2 CH 3 (esylate) . 

. B Ht , a sulfate substituent, for 
sulfate: -OS.-OOR; -nerem K rs * or a c 

example, a C, alkyl group, a C 5 .„ heter y 

„ r =farablv a C,-, alkyl group. Examples o 
aI yl group P« £ " abl ; limited to , _ 0S( . 0)! 0CH 3 and 

groups include, but are nox. 
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-SO(=0) 2 OCH 2 CH 3 
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35 



sulfamyl (sulfamoyi; sulfinic aoid amide,- sulfanamide, = 
Sulfamyl I independently ammo 

- St -0,NR'R<, "herem R and R Examp les of sulfamyl 

sub stituents, as defined for ^J^^ 
groups include, «re not ^ , and - Sl =0».Hru. 

_ s( =0)N(CH 3 ) 2 , -S(=0)NH(CH 2 CH 3 ), * I 

lfnnic ac id amide; sulfonamide): 
Sul fonamido <sulf inamoyl . sulf onrc « : ^ ^ 

_ , kit? p wherein k aiiu rx 
-S (=0) 2 NR R , «" B antics Examples of 

subs tituents, as <^ ^J^^T^t,. 

5ulfo „amido groups u» ude, but^ ar _ s „ 0) # (CB2 CH 5 „ 

-S(=0) 2 NH(CH 3 )/ -S(=0) 2 N(CH 3 ) 2 , it 



and -s(=0) 2 NHPh. 
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.„ R i is an amino substituent, as 
S 0l fa»in=: -.-.CO.-. "™ E e ;: f sttlfamino gr oups include, 

^ p. 1 is an amino substituent, as 

Sulfonamino: -^8(-0) A "herein * » subst ituent, for 

defined for amino groups, and R ^ or . Cs . 20 

example, a Cl - 7 al*yl group « ^ Bxamples of sulfonamino 

aryl group, preferably a ^ ^ J * and 

groups include, but are not limited 



-N(CH 3 ) S (=0) 2 C 6 Hs. 
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™» S (-0)R, wherein R 1 is an amino substituent, as 
Sulfinamino: -NR S 0)R, sulfina mino substituent, for 

defined for amino groups, and R * Qr a ^ 

example, a Cl . alfcyl group • / ^„ of sulfinami no 

aryi group, preferably a ££j P ^ and 

groups include, but are not limited 



-N(CH 3 ) S(=0)C 6 H 5 . 



. . * . PR2 whe rein R is a phosphino substituent, 
20 Phosphino (phosphine). PRa, "h heter0 cyclyl group, or 

1 - -h a Ci i alkyl group, a C3-20 netero^y y 
for example, * ^ * a ^ alkyl gr0 up, or a C 5 - 20 aryl 

a C 5 - 20 aryl group, preferably include , but are not limited 

Fxamoles of phosphino groups include, 
qroup. Examp-i.es v _p(pM,. 
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Phospho: -P(=0)2- 

<„,»• -P1-01R2, wherein E is 3 phosphinyl 
Phosphinyl (Phosph.ne ox.de, P < °> hete *ocyclyl 
sub stit»ent, for e W le, a C, , , .1* 9 or , ^ 

-P(=0) (Ph) 2 - 



35 Phosphonic 



acid (phosphono): -P(=0)(OH) 2 . 
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Phosphonate (phosphono ester): -P(=0)(OR) 2 , where R is a 
ph osphonate substituent, for example, -H. a C„ a *y group, a 

„v = c a rvl aroup, preferably -H, a ^1-7 
?0 heterocyclyl group, or a C5-20 aryl group, p 

* a c arvl group. Examples of phosphonate groups 
alkyl group, or a C 5 - 20 aryi grou^ r 

,. -4.-^ 4-^ -P [=01 lOCHi) 2, ~P ( = °) (OCH 2 CH 3 ) z, 
5 include, but are not limited to,. P( OM"^3»2, 

-P(=0) (0-t-Bu) 2 , and -P(=0) (OPh) 2 . 

Phosphoric acid (phosphonooxy) : -OP (=0) (OH) 2 . 

L0 Phosphate (phosphonooxy ester): -OP (=0) (OR) 2 , where R is a 

phosphate substituent, for example, -H, a C, 7 alicyl group, a C 3 _ 20 
heterocyclyl group/ or a C s _ 20 aryl group, preferably -H, a C,., 
alxyl group, or a C 5 . 20 aryl group. Examples of phosphate groups 
Inde, but are not limited to, -OP (-0) (OCH 3 ) 2 , -OP <=0> (OCH 2 CH 3 ) 2 , 

15 -OP(=0) (0-t-Bu) 2 , and -0P(=0) (0Ph) 2 . 

Phosphorous acid: -0P(0H) 2 . 

Phosphite: -OP (OR),, "here P» is a phosphite substituent, for 
20 example, -H, a Chalky! group, a C,.„ heterocyclyl group, or a 
C 5 -,o aryl group, preferably -H, a allcyl group, or a 
"up. Examples of phosphite groups include, hut are not looted 
to, -OPIOCH,),, -OP (0CH,CH 3 ) „ -OP.O-t-Bu),, and -OP(OPh),. 

Phosphoramidite : -OP (OR 1 ) -NR J ,< where and R* are phosphoramidite 
substituents, for example, -H, a (optionally suhstrtuted) C, 
alxyl group, a C s -a. heterocyclyl group, or a C s .,„ aryl ^oup, 
preferably -H, a alxyl group, or a C M aryl group. Examples 
of phosphoramidite groups include, but are not limited to, 
-^0CH^H,,-»(CH,>„ -0P,0CB,CH 3 ,- N «i-Pr,„ and -OP (0CH,CH,C B , -« (r- 
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Pr) 2 
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Phosphoramidate: -0P(=0) (0R 1 )-NR 2 , where R and R are 
phosphoramidate substituents , for example, -H, a (optionally 
Substituted) Ch alicyl group, a C 3 - 20 heterocyclyl group, or a C 5 _ 20 
aryl group, preferably -H, a Cl - 7 alicyl group or a c 5 „ aryl 
group. Examples of phosphoramidate groups include, but are 



20 

limited to, -0P(=0) (OCH 2 CH 3 )-N(CH 3 ) 2 , -OP (=0) (OCH 2 CH 3 ) -N ( i-Pr) 2 , and 
-0P(=0) (OCH 2 CH 2 CN)-N(i-Pr) 2 . 

Alkylene 

C 3 . 12 alkylene: The term "C 3 _ 12 alkylene", as used herein, pertains 
to a bidentate moiety obtained by removing two hydrogen atoms, 
either both from the same carbon atom, or one from each of two 
different carbon atoms, of a hydrocarbon compound having from 3 
to 12 carbon atoms (unless otherwise specified) , which may be 
aliphatic or alicyclic, and which may be saturated, partially 
unsaturated, or fully unsaturated. Thus, the term "alkylene" 
includes the sub-classes alkenylene, alkynylene, cycloalkylene, 
etc., discussed below. 

Examples of linear saturated C 3 . 12 alkylene groups include, but are 
not limited to, -(CH 2 )„- where n is an integer from 3 to 12, for 
example, -CH 2 CH 2 CH 2 - (propylene), -CH 2 CH 2 CH 2 CH 2 - (butylene), 
-CH 2 CH 2 CH 2 CH 2 CH 2 - (pentylene) and -CH 2 CH 2 CH 2 CH 2 CH 2 CH 2 CH 2 - (heptylene) . 

Examples of branched saturated C 3 _ 12 alkylene groups include, but 
are not limited to, -CH (CH 3 ) CH 2 -, -CH (CH 3 ) CH 2 CH 2 -, 

-CH(CH 3 )CH 2 CH 2 CH 2 -, -CH 2 CH (CH 3 ) CH 2 - , -CH 2 CH (CH 3 ) CH 2 CH 2 - , -CH (CH 2 CH 3 ) -, 
-CH(CH 2 CH 3 )CH 2 -, and -CH 2 CH (CH 2 CH 3 ) CH 2 - . 

Examples of linear partially unsaturated C3-12 alkylene groups (C 3 _ 
„ alkenylene, and alkynylene groups) include, but are not limited 
to, -CH=CH-CH 2 -, -CH 2 -CH=CH 2 -, -CH=CH-CH 2 -CH 2 -, -CH=CH-CH 2 -CH 2 -CH 2 -, 
-CH=CH-CH=CH-, -CH=CH-CH=CH-CH 2 -, -CH=CH-CH=CH-CH 2 -CH 2 -, -CH=CH- 
CH 2 -CH=CH-, -CH=CH-CH 2 -CH 2 -CH=CH-, and -CH 2 -C=C-CH 2 - . 

Examples of branched partially unsaturated C 3 . 12 alkylene groups 
(C 3 _ 12 alkenylene and alkynylene groups) include, but are not 
limited to, -C(CH 3 )=CH-, -C (CH 3 ) =CH-CH 2 -, -CH=CH-CH (CH 3 ) - and -C«C- 

CH(CH 3 )-. 

Examples of alicyclic saturated C 3 . 12 alkylene groups (C 3 . a2 
cycloalkylenes) include, but are not limited to, cyclopentylene 
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(e.g. cyclopent-l,3-ylene), and cyclohexylene 
(e.g. cyclohex-1 , 4-ylene) . 

Examples of alicyclic partially unsaturated C 3 -i 2 alkylene groups 
5 (C3.12 cycloalkylenes) include, but are not limited to, 

cyclopentenylene (e.g. 4-cyclopenten-l, 3-ylene) , cyclohexenylene 
(e.g. 2-cyclohexen-l, 4-ylene; 3-cyclohexen-l, 2-ylene; 
2, 5-cyclohexadien-l, 4-ylene) . 

t 

10 Includes Other Forms 

Unless otherwise specified, included in the above are the well 
known ionic, salt, solvate, and protected forms of these 
substituents . For example, a reference to carboxylic acid 
(-COOH) also includes the anionic (carboxylate) form (-COO") , a 
15 salt or solvate thereof, as well as conventional protected forms. 
Similarly, a reference to an amino group includes the protonated 
form (-NWR 2 )-, a salt or solvate of the amino group, for 
example, a hydrochloride salt, as well as conventional protected 
forms of an amino group. Similarly, a reference to a hydroxyl 
20 group also includes the anionic form (-O") , a salt or solvate 
thereof, as well as conventional protected forms. 

Tsomers, Salts, Solvates, Protected Forms, and P rodrugs 

Certain compounds may exist in one or more particular geometric, 

25 optical, enantiomeric, diasteriomeric, epimeric, atropic, 

stereoisomeric, tautomeric, conformational, or anomeric forms, 
including but not limited to, cis- and trans-forms; E- and Z- 
forms; c-, t-, and r- forms; endo- and exo-forms; R-, S-, and 
meso-forms; D- and L-forms; d- and 1- forms; (+) and (-) forms; 

30 keto-, enol-, and enolate-forms; syn- and anti-forms; synclinal- 
and anticlinal-forms; a- and p-forms; axial and equatorial forms; 
boat-, chair-, twist-, envelope-, and half chair-forms; and 
combinations thereof, hereinafter collectively referred to as 
"isomers" (or "isomeric forms") . 
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Note that, except as discussed below for tautomeric forms, 
specifically excluded from the term "isomers", as used herein, 



• 
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are structural (or constitutional) isomers (i.e. isomers which 
differ in the connections between atoms rather than merely by the 
position of atoms in space) . For example, a reference to a 
methoxy group, -OCH 3 , is not to be construed as a reference to its 
i structural isomer, a hydroxymethyl group, -CH 2 OH. Similarly, a 
reference to ortho-chlorophenyl is not to be construed as a 
reference to its structural isomer, meta-chlorophenyl . However,' 
a reference to a class of structures may well include 
structurally isomeric forms falling within that class (e.g. d-, 
0 alkyl includes n-propyl and iso-propyl; butyl includes n-, iso-, 
sec-, and tert-butyl; methoxyphenyl includes ortho-, meta-, and 
para-methoxyphenyl) . 

The above exclusion does not pertain to tautomeric forms, for 
5 example, keto-, enol-, and enolate-f orms, as in, for example, the 
following tautomeric pairs: keto/enol (illustrated below), 
imine/enamine, amide/imino alcohol, amidine/amidine, 
nitroso/oxime, thioketone/enethiol, N-nitroso/hyroxyazo, and 
nitro/aci-nitro . 

H O -v OH H* v Or 

-i-C* — >=C' ^ >=C 



>0 



keto enol enolate 



Note that specifically included in the term "isomer" are 
compounds with one or more isotopic substitutions. For example, 
H may be in any isotopic form, including 1 H, 2 H (D) , and 3 H (T) ; C 
25 may be in any isotopic form, including 12 C, 13 C, and »C; 0 may be 
in any isotopic form, including 16 0 and 18 0; and the like. 

Unless otherwise specified, a reference to a particular compound 
includes all such isomeric forms, including (wholly or partially) 
30 racemic and other mixtures thereof. Methods for the preparation 
(e.g. asymmetric synthesis) and separation (e.g. fractional 
crystallisation and chromatographic means) of such isomeric forms 
are either known in the art or are readily obtained by adapting 
the methods taught herein, or known methods, in a known manner. 
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Unless otherwise specified, a reference to a particular compound 
also includes ionic, salt, solvate, and protected forms of 
thereof, for example, as discussed below. 

It may be convenient or desirable to prepare, purify, and/or 
handle a corresponding salt of the active compound, for example, 
a pharmaceutically-.acceptable salt. Examples of pharmaceutical^ 
acceptable salts are discussed in Berge, et al., J. Pharm. Sci., 
66, 1-19 (1977) . 
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For example, if the compound is anionic, or has a functional 
group which may be anionic (e.g. -COOH may be -COO"), then a salt 
may be formed with a suitable cation. Examples of suitable 
inorganic cations include, but are not limited to, alkali metal 
ions such as Na + and K + , alkaline earth cations such as Ca 2+ and 
Mg 2 \ and other cations such as Al +3 . Examples of suitable organxc 
cations include, but are not limited to, ammonium ion (i.e. NH 4 + ) 
and substituted ammonium ions (e.g. NH 3 R\ NH 2 R 2 \ NHR 3 \ NR< + ) ■ 
Examples of some suitable substituted ammonium ions are those 
20 derived from: ethylamine, diethylamine, dicyclohexylamine, 
triethylamine, butylamine, ethylenediamine, ethanolamine, 
diethanolamine, piperazine, benzylamine, phenylbenzyl amine, 
choline, meglumine, and tromethamine, as well as amino acids, 
such as lysine and arginine. An example of a common quaternary 
25 ammonium ion is N(CH 3 >4 + - 

If the compound is cationic, or has a functional group which may 
be cationic (e.g. -NH 2 may be -NH 3 + ) , then a salt may be formed 
with a suitable anion. Examples of suitable inorganic anions 
30 include, but are not limited to, those derived from the following 
inorganic acids: hydrochloric, hydrobromic, hydroiodic, sulfuric, 
sulfurous, nitric, nitrous, phosphoric, and phosphorous. 

Examples of suitable organic anions include, but are not limited 
35 to, those derived from the following organic acids: 

2-acetyoxybenzoic, acetic, ascorbic, aspartic, benzoic, 
camphorsulfonic, cinnamic, citric, edetic, ethanedisulf onic, 
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ethanesulfonic, fumaric, glucheptonic, gluconic, glutamic, 
glycolic hydroxymaleic, hydroxynaphthalene carboxylic, 
isethionic, lactic, lactobionic, lauric, maleic, malic, 
raethanesulfonic, mucic, oleic, oxalic, palmitic, pamoic, 
5 pantothenic, phenylacetic, phenylsulf onic, propionic, pyruvxc, 
salicylic, stearic, succinic, sulfanilic, tartaric, 
toluenesulfonic, and valeric. Examples of suitable polymery 
organic anions include, but are not limited to, those derived 
from the following polymeric acids: tannic acid, carboxymethyl 
10 cellulose. 

It may be convenient or desirable to prepare, purify, and/or 
handle a corresponding solvate of the active compound. The term 
"solvate" is used herein in the conventional sense to refer to a 
15 complex of solute (e.g. active compound, salt of active compound) 
and solvent. If the solvent is water, the solvate may be 
conveniently referred to as a hydrate, for example, a mono- 
hydrate, a di-hydrate f a tri-hydrate, etc. 

20 It may be convenient or desirable to prepare, purify, and /° r 

handle the active compound in a chemically protected form. The 
term -chemically protected form" is used herein in the 
conventional chemical sense and pertains to a compound in whxch 
one or more reactive functional groups are protected from 
undesirable chemical reactions under specified conditions (eg. 
pH , temperature, radiation, solvent, and the like) . 
M ell known chemical methods are employed to reversibly render 
unreactive a functional group, which otherwise would be reactrve, 
under specified conditions. In a chemically protected form one 
30 or more reactive functional groups are in the form of a protected 
or protecting group (also known as a masked or masking group or a 
.locked or blocking group) . By protecting a reactive 
group, reactions involving other unprotected reactxve functional 
Loups can be performed, without affecting the protected group; 
35 the protecting group may be removed, usually in a subsequent 
step, without substantially affecting the remainder of the 
molecule. See, for example, "Protective Groups in Organic 
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Synthesis" (Green 
Sons, 1999) . 



, T . and Wuts, P.; 3rd Edition; John Wiley and 
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A wide variety of such "protecting", "blocking", or "masking 
Lthods are widely used and well -own in organic synthesis, 
example, a expound which has two noneguivalent reactive 
functional groups, both of which would he reactive under 
specified conditions, may be derivatized to render one of the 

spe , nm Protected", and therefore unreactive, under 

functional groups protectee , an 

the specified conditions; so protected, the compound may be used 
the specxr eff actively only one reactive functional 

as a reactant which has effectively y 
gr oup. After the desired reaction (involving the other 
functional group) is complete, the protected grou, , may be 
-deprotected" to return it to its original functionality. 

Fo r example, a hydroxy group may be protected as an ether (-OR) 
or an ester (-OC(=0)R), for example, as: a t-butyl ether, a 
Tenzyl benzhydryl (diphenylmethyl) , or trityl (triphenylmethyl) 
ether; a trimethylsilyl or t-butyldimethylsilyl ether; or an 
acetyl ester (-OC(=0)CH 3 , -OAc) . 

i a n aldehvde or ketone group may be protected as an 
For example, an aldehyde o respe ctively, in which the 

acetal (R-CH(OR> 2 ) or ketal (R 2 C(OR) 2 ), respecti y, 

t^r-n\ is converted to a diether (>C(OR) 2 ), »y 
carbonyl group >c-0) « con ^ 

reaction uith, for example, a primary 

Ketone group is readily regenerated by hydrolysis using a large 
excess of water in the presence of acid. 

F or example, an amine group may be protected, for example, as an 

•rf. ( NRCO-R) or a urethane (-NRCO-OR) , for example, as. a 
a^de ( NRCO R) o loxy amide <- N HCO-OCH 2 C 6 H 5 , -HH- 

me thyl amide (-NHCO CH ) , a b J Y & 2 _ b i P henyl 

Cbz); as a t-butoxy amide (-NHCO oc^h 3 > 3 , 

2 _p r opo„y amide Tn^olerarryioxy amide 

£1 uorenylmethoxy amide ,-»H-l->c> - - - ^-nrtro v r ^ 
,-hh-nvoc), as a 2-tri»ethylsilylethylo*y amrde (-SH Teoo) 
2 2 2- t ricnloroethyloxy amide ( -NH-Troc, , as an allyloxy amrde 
'l^-Mioc,, as a 2 ,-phenyisuiphonyl, ethyioxy amide ,-H-Psec, ; 
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or, in suitable cases (e.g., cyclic amines), as a ni.troxide 
radical (>N-0') . 

F or example, a carboxylic acid group may be protected as an ester 
for example, as: an C»_, alkyl ester (e.g. a methyl 
bu tyl ester); a haloalkyl ester (e.g. a c M trihaloalkyl 
ester); a tri Cl - 7 alkylsilyl-C,-, alkyl ester; or a Cs- 2 o aryl-C^ 
alkyl ester (e.g. a benzyl ester; a nitrobenzyl ester), or as 
amide, for example, as a methyl amide. 

For example, a thiol group may be protected as a thioether (-SR) , 
for example, as: a benzyl thioether; an acetamidomethyl ether (- 
S-CH 2 NHC(=0)CH 3 ) . 

It may be convenient or desirable to prepare, purify, and/or 
handle the active compound in the form of a prodrug. The term 
"prodrug", as used herein, pertains to a compound which,' when 
me tabolised (e.g. in vivo), yields the desired active compound. 
Typically, the prodrug is inactive, or less active than the 
20 active compound, but may provide advantageous handling, 
administration, or metabolic properties. 

F or example, some prodrugs are esters of the active compound 
(e.g. a physiologically acceptable metabolically labile eter) 
25 During metabolism, the ester group (-C(-O)OK) is cleaved to yield 
the active drug. Such esters may be formed by 

for example, of any of the carboxylic acid groups (-C(-O)OH n 
the parent compound, with, where appropriate, prior protects 
any other reactive groups present in the parent compound, 
30 followed by deprotection if required. 

Also, some prodrugs are activated enzymatically to yield the 
active compound, or a compound which, upon further ^mical 
reaction, yields the active compound (for example, as in ADEPT, 
35 GDEPT, LIDEPT, etc.) . For example, the prodrug may * ^ 

derivative or other glycoside conjugate, or may be an amino acid 
ester derivative. 
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these prodrugs a mtrogen pr 

in viV o (e.g. e^UcaU, ^ U g , - >o 

nitrog en of the imine group, wit - ^ ^ 

bearing a hydroxy, ester or thioester gr p 

form of protection include: 




'2'" " 



o,N— K 7\z° v ^ o 



OH 

^ , which is nitroreductase labile (e.g. using 



10 

ADEPT / GDEPT ) ; 





15 



MeO- 

, which are photolabile; 

and 
and 



Me N ,0 

I OH 



N-— / . . . „ us ing NPEPT) 

\ which is glutathione labile (e.g. using 
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General synthetic routes 

A key intermediate in the synthesis of the compounds of the 
present invention is the following compound, an enol triflate, of 
formula (A) : 







SEM 


















o 



(A) 



OTf 



wherein the groups R 6 to R 9 are as for the final product, SEM 
represents a trimethyl silyl ethoxy methyl group, and OTf 
represents the group OS0 2 CF 3 . The synthesis of this compound is 
described in detail in WO 00/12508, which is incorporated herein 
10 by reference. In particular, reference is made to scheme 7 on 
page 24, where the above compound is designated as intermediate 
P. The SEM protecting group can be replaced by other suitable 
nitrogen protecting groups. 

15 The route from this compound to the desired final product is 
illustrated in scheme 1 . 

9 SEM 





R 9 


SEM 




P 






R 6 


o 



FT O 



OTf 



(A) 



(B) 




(1) 



20 The key enol triflate intermediate (A) can be converted to the 
appropriate SEM protected dilactam (B) by use of a Suzuki 
coupling reaction, i.e. palladium catalysed cross coupling of the 
enol triflate (A) with the appropriate arylboron derivative. 
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The SEM protected dilactam (B) can then by converted to the 
desired final compound of formula (I) by reduction, which leads 
to a protected carbinolamine intermediate, which can then be 
treated to remove the SEM protecting group. The reduction of the 
dilactam (B) can be accomplished by, for example, sodium 
tetraborohydride, whilst a suitable means for removing the SEM 
protecting group is treatment with silica gel. 



10 This synthes 
dimers . 



is route is equally applicable to the synthesis of 



F urther Uses 

The present invention also provides compounds as descrxbed in the 
15 first aspect of the invention which regulate (e.g. inhibit) cell 
proliferation. Thus, the present invention also provides methods 
of regulating (e.g. inhibiting) cell proliferation, in vitro or 
in vivo, comprising contacting a cell with an effective amount of 
a compound of the first aspect of the invention. 

in particular, this inhibition may be of certain cell lines as 
disclosed in the examples. 

One of ordinary skill in the art is readily able to determine 
25 whether or not a candidate compound regulate (e.g. inhibit) cell 
proliferation. For example, assays which may conveniently be 
used to assess the activity offered by a particular compound are 
described in the examples below. 

30 For example, a sample of cells (e.g. from a tumour) may be grown 
in vitro and a test compound brought into contact with saxd 
cells, and the effect of the compound on those cells observed 
As an example of "effect" the morphological status of the cells 
(e g. alive or dead, etc.) may be determined. Where the test 

35 compound is found to exert an influence on the cells, this may be 
used as a prognostic or diagnostic marker of the efficacy of the 
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compound in methods of treating a patient carrying cells of the 
same cellular type. 

Methods of Treatment 

As described above, the second aspect of the invention provide 
the use of a compound of the first aspect of the invention in a 
method of therapy. Also provided is a method of treatment, 
comprising administering to a subject in need of treatment a 
therapeutically-effective amount of a compound of the first 
aspect of the invention, preferably in the form of a 
pharmaceutical composition, which is the third aspect of the 
present invention. The term "therapeutically effective amount" 
is an amount sufficient to show benefit to a patient. Such 
benefit may be at least amelioration of at least one symptom. 
The actual amount administered, and rate and time-course of 
administration, will depend on the nature and severity of what is 
being treated. Prescription of treatment, e.g. decisions on 
dosage,, is within the responsibility of general practitioners and 
other medical doctors . 

A compound may be administered alone or in combination with other 
treatments, either simultaneously or sequentially dependent upon 
the condition to be treated. Examples of treatments and 
therapies include, but are not limited to, chemotherapy (the 
administration of active ■ agents, including, e.g. drugs; surgery; 
and radiation therapy. 

Pharmaceutical compositions according to the present invention, 
and for use in accordance with the present invention, may 
comprise, in addition to the active ingredient, i.e. a compound 
of formula I, a pharmaceutical^ acceptable excipient, carrier, 
buffer, stabiliser or other materials well known to those skilled 
in the art . Such materials should be non-toxic and should not 
interfere with the efficacy of the active ingredient. The 
precise nature of the carrier or other material will depend on 
the route of administration, which may be oral, or by injection, 
e.g. cutaneous, subcutaneous, or intravenous. 
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Pharmaceutical compositions for oral administration may be in 
tablet, capsule, powder or liquid form. A tablet may comprise a 
solid carrier or an adjuvant. Liquid pharmaceutical compositions 
generally comprise a liquid carrier such as water, petroleum, 
animal or vegetable oils, mineral oil or synthetic oil. 
Physiological saline solution, dextrose or other saccharide 
solution or glycols such as ethylene glycol, propylene glycol or 
polyethylene glycol may be included. A capsule may comprise a 
solid carrier such a gelatin. 

For intravenous, cutaneous or subcutaneous injection, or 
injection at the site of affliction, the active ingredient will 
be in the form of a parenterally acceptable aqueous solution 
which is pyrogen-free and has suitable pH, isotonicity and 
stability. Those of relevant skill in the art are well able to 
prepare suitable solutions using, for example, isotonic vehicles 
such as Sodium Chloride Injection, Ringer's Injection, Lactated 
Ringer's Injection. Preservatives, stabilisers, buffers, 
antioxidants and/or other additives may be included, as required. 

Preferences 

The following preferences may apply to all aspects of the 
invention as described above, or may relate to a single aspect. 
The preferences may be combined together in any combination. 

R 6 to R 9 

If the compound is a dimer, it is preferred that the dimer bridge 
is of formula -0- (CH 2 ) „-0-, where n is from 3 to 12, and more 
preferably 3 to 7 . 

R 9 is preferably H. 

R 6 is preferably selected from H, OH, OR, SH, NH 2 , nitro and halo, 
and is more preferably H or halo, and most preferably is H. 
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R 7 and R 8 (when the compound is not a dimer) are preferably 
independently selected from H, OH, OR, SH, SR, NH 2 , NHR, NHRR' , 
and halo, and more preferably independently selected from H, 01 
and OR, where R is preferably selected from optionally 
5 substituted C a . 7 alkyl, C3-10 heterocyclyl and C s -io aryl groups. 
Particularly preferred substituents at the 7- and 8- positions 
are OMe and 0CH 2 Ph. 



R 2 



10 in one set of embodiments R 2 is an optionally substituted napthyl 
group. Preferred substituents include: halo, more particularly 
chloro and fluoro; d-, alkyl groups, more particularly d-« alkyl 
groups, e.g. methyl and t-butyl; ether groups, more particularly 
Ci-4 alkoxy groups, e.g. methoxy and benzyloxy; C 5 - 20 aryl groups, 

15 particularly phenyl. 

The napthyl group may be linked to the main PBD moiety at any 
position on its ring system. For example, if the napthyl is 
unsubstituted, then the group may either be napth-l-yl or napth- 
20 2-yl, with napth-2-yl being preferred. 

Especially preferred napthyl groups include: napth-2-yl, 6- 
methoxy-napth-2-yl, 6-ethoxy-napth-2-yl and fluoro and/or chloro 
substituted napthyl groups, with single substituted fluoro or 
25 chloro napth-2-yls being most preferred. 

The optional substituents may also be at any ring position. It 
is preferred that there is not one substituent group either side 
of the bond to the main PBD moiety. 

30 

In one set of embodiments R 2 is an optionally substituted 
thiophenyl group. Preferred substituents include: halo, more 
particularly chloro and fluoro; d-i alkyl groups, more 
particularly Ci_ 4 alkyl groups, e.g. methyl and t-butyl; ether 
35 groups, more particularly d-« alkoxy groups, e.g. methoxy and 
benzyloxy; C 5 _ 20 aryl groups, particularly phenyl. 
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The thiophenyl group may be linked to the main PBD moiety at any 
available position on its ring system. For example, if the 
thiophenyl is unsubstituted, then the group may either be 
thiophen-2-yl or thiophen-3-yl, with thiophen-2-yl being 
preferred. 

i 

Especially preferred thiophenyl groups include: thiophen-2-yl, 5- 
chloro-thiophen-2-yl and 5-methyl-thiophen-2-yl . 

The optional substituents may also be at any ring position. If 
the thiophenyl group is thiophen-3-yl, then it is preferred that 
there is not one substituent group either side of the bond to the 
main PBD moiety. 



In another set of embodiments R 2 is a phenyl group substituted by 
an ethyl or propyl group, preferably an ethyl or n-propyl group 
and more preferably an ethyl group. These groups are preferably 
in the ortho (2-) or para (4-) positions, with ortho (2-) being 
20 more preferred. 

Thus an especially preferred R 2 group of this type is 4- 
ethylphenyl . 

25 In another set of embodiments R 2 is a phenyl group substituted by 
one or more chloro or fluoro groups. If there is only one 
substituent group this is preferably in the ortho (2-) or para 
(4-) positions, and more preferably in the para (4-) position.. 
If there are two or more substituents, in general the ortho and 

30 para positions are the preferred substituent sites. However, it 
is preferred that there are not two chloro substituents at the 2- 
and 6- positions. It is also preferred that all the substituents 
are either fluoro or chloro. 

35 Especially preferred R 2 groups of this type are: 4-chlorophenyl ; 
4-fluorophenyl; 2-chlorophenyl; 2-f luorophenyl; 2,6- 
difluorophenyl; and 3, 4-dichlorophenyl . 
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The following compounds are particularly preferred: 
(llaS) -1, lla-dihydro-7, 8-dimethoxy-2- (2-napthyl) -5H-pyrrolo [2, 1- 

c] [1, 4]benzodiazepin-5-one (11); 
5 (llaS) -1, lla-dihydro-7, 8-dimethoxy-2- (4- tert-butylbenzene) -5H- 

pyrrolo[2,l-c] [1, 4]benzodiazepin-5-one (13); 

(llaS) -1, lla-dihydro-7, 8-dimethoxy-2- (4-chlorobenzene) -5H- 
pyrrolo[2, 1-c] [1, 4]benzodiazepin-5-one (15); 

(llaS) -1, lla-dihydro-7, 8-dimethoxy-2- (4-fluorobenzene) -5H- 
10 pyrrolo[2, 1-c] [1, 4]benzodiazepin-5-one (17); 

(llaS) -1, lla-dihydro-7, 8-dimethoxy-2- (2-methylbenzene) -5H- 

pyrrolo[2, 1-c] [1, 4] benzodiazepin-5-one (19) ; 

(llaS) -1, lla-dihydro-7, 8-dimethoxy-2- (4-ethylbenzene) -5H- 

pyrrolo[2,l-c] [1, 4]benzodiazepin-5-one (21); 
15 (llaS) -1, lla-dihydro-7, 8-dimethoxy-2- (2-thiophenyl) -5H- 

pyrrolo[2, 1-c] [1, 4] benzodiazepin-5-one (23) . 

The compounds of the first aspect of the invention are preferably 
used in treating, and in manufacturing medicaments to treat, 
20 cancers, and in particular breast, renal and lung cancers and for 
inhibiting the growth of breast, renal and lung cancer cell 
lines . 

■ 

in particular, compounds where R 2 is an optionally substitued 
25 napthyl or thiophenyl group, are preferably used in treating, and 
in manufacturing medicaments to treat, lung, breast and renal 
cancer and melanomas, and more preferably breast cancer. 

Compounds where R 2 is a phenyl group with an ethyl or propyl 
30 substituent are preferably used in treating, and in manufacturing 
medicaments to treat, lung, breast and renal cancer and 
melanomas . 

Compounds where R 2 is a phenyl group with one or more fluoro 
35 substituents (preferably a 4-fluoro substituent) are preferably 



't 
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used in treating, and in manufacturing medicaments to treat, 
renal cancer. 

Compounds where R 2 is a phenyl group with a 4-t-butyl substituent, 
5 one or more chloro substituents (preferably a 4-chloro 

substituent) , or a 2-methyl substituent are preferably used in 
treating, and in manufacturing medicaments to treat, breast 



cancer 



10 Compounds where R 2 is a phenyl group with a 2-methyl substituent 
are preferably used in treating, and in manufacturing medicaments 
to treat,. renal cancer. 

Examples 

15 General Experimental Methods 

Melting points (mp) were determined on a Gallenkamp P1384 digital 
melting point apparatus and are uncorrected. Infrared (IR) 
spectra were recorded using a Perkin-Elmer 297 spectrophotometer. 
i H _ and 13 C- NMR spectra were recorded on either a Jeol GSX 270 
20 MHZ FT-NMR spectrometer or a Brucker AMX-250 MHz NMR spectrometer 
operating at 20°C +/-1°C Chemical shifts are reported in parts 
per million (6) downfield from tetramethylsilane (TMS) . Spin 
multiplicities are described as: s (singlet), bs (broad singlet), 
d (doublet), dd (doublet of doublets), t (triplet), q (quartet), 
25 p (pentuplet) or m (multiplet) . Mass spectra (MS) were recorded 
using a Jeol JMS-DX 303 GC Mass Spectrometer (EI mode: 70eV, 
source 117-147°C) . Accurate molecular masses (HRMS) were 
determined by peak matching using perf luorokerosene (PFK) as an 
internal mass marker, and FAB mass spectra were obtained from a 
30 glycerol/thioglycerol/trifluoroacetic acid (1:1:0.1) matrix with 
a source temperature of 180°C. Optical rotations at the Na-D 
line were obtained at ambient temperature using a Perkin-Elmer 
141 Polarimeter. Analytical results were generally within +/ 
0.2% of the theoretical values. Flash chromatography was 
35 performed using Aldrich flash chromatography Silica Gel-60 (E. 

Merck, 230-400 mesh) . Automated flash chromatography was carried 
out on a Jones Flashmaster II. Thin-layer chromatography (TLC) 
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was performed using GF 25 « silica gel (with fluorescent indicator) 
on glass plates. All solvents and reagents, unless otherwise 
stated, were supplied by the Aldrich Chemical Company Ltd. and 
were used as supplied without further purification. Anhydrous 
solvents were prepared by distillation under a dry nitrogen 
atmosphere in the presence of an appropriate drying agent, and 
were stored over 4A molecular sieves or sodium wire. Petroleum 
ether refers to the fraction boiling at 40-60°C. 
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N -(4,5-dimethoxy-2-nitrobenzoyl)hydroxyprolin e methyl ester (3) 
Oxalyl chloride (15.38 g, 121.11 mmol) was added in one portion 
to a stirred suspension of 2-nitro-4 , 5-dimethoxybenzoic acid (1) 
(25.01 g, 110.10 mmol) in anhydrous DCM (100 mL) at room 
5 temperature. A catalyt^"" >mount of DMF (2 drops) was added and 
the reaction mixture was allowed to stir for 16 hours under an 
inert atmosphere . The acid chloride solution was added dropwise 
to a vigorously stirred solution of the pyrrolo compound (2) 
(34.90 g, 110.10 mmol; JOC 5, 13, 3621 (1994)) and TEA (45.95 mL, 
0 33.36 g, 330.29 mmol) in anhydrous DCM (100 mL) at -20°C. The 
reaction mixture was allowed to stir for 16 hours at room 
temperature . The reaction mixture was washed with saturated 
NaHC0 3 (2 x 200 mL) , saturated NH«C1 (2 x 200 mL) , water (2 x 200 
mL), brine (2 x 200 mL) and dried over anhydrous MgSO«. 
15 Filtration and evaporation of the solvent in vacuo afforded the 
crude product (3) , which was purified by flash column 
chromatography using EtOAc as eluent. Pure fractions were 
combined and evaporation of excess eluent in vacuo afforded the 
product as a foam (33.26 g, 93.9 mmol, 85%). >H NMR (270 MHz, 
20 CDCI3) 6 7.69 (s, IH), 6.87 (s, IH) , 5.31 (s, 2H) , 4.97-4.82 (m, 
IH), 4.44 (br s, IH) , 3.99 (s, 3H) , 3.98 (s, 3H) , 3.81 (s, 3H) , 
3.54-3.48 (m, IH) , 3.18 (d, IH, J- 2.02 Hz), 2.87 (br s, IH) , 
2 45-2.16 (m, 2H); 13 C NMR (67.8 MHz, CDC1 3 ) 6 172.6, 172.5, 
167.5, 166.8, 154.4, 154.0, 149.3, 137.5, 137.4, 127.0, 126.2, 
25 109.5, 107.2, 107.1, 69.9, 69.1, 59.2, 57.4, 56.9, 56.8, 56.6, 
56.4, 54.6, 53.5, 52.5, 52.4, 39.4, 38.0. 

d^-e^-dimethoxy^f^-hydroxy^^^^O.ll.lla-hexahydro-S.ll- 
dioxo-lH-pyrrolo[2,l-c] [1,4 -J benzodiazepine (4) 

30 10% Pd/C catalyst (3.3 g) was added to a solution of 3 (33.0 g, 
93 1 mmol) in absolute EtOH (250 mL) . The reaction mixture was 
hydrogenated under pressure using a Parr hydrogenator at 55 psi H 2 
for 18 hours. The reaction mixture was filtered through celxte, 
and the celite washed with hot MeOH, taking care not to allow the 

35 filter cake to dry out. Removal of excess solvent afforded the 
crude product (20.14 g) . The crude product was allowed to stir 
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„ , r.„ n i tonn jil) for 30 minutes. The 

in 1 N HC1 (200 mL) and CHC1 3 1^) 

« j i 4-v> 1 k HC1 (100 mL) and the aqueous 
organic layer was washed with 1 N HC1 U«« 

la yer S were combined and neutralised with saturated aqueous 
N aHC0 3 . On leaving the aqueous extract overnight, a fine white 
5 precipitate formed (4) which was collected by filtration and 
Tried (7.81 g, 26.72 mmol, 29 %, . >H » (270 MHz, CD*,, 
<s 1H, NH) , 7.61 (s, IB, A rH), 7.36 (.. 1H. -H) , 
1H 2), 4.22-4.17 (m, 1H, Ha), 3.88 (s, 6H) , 3.82-3.55 (m, 2H, 
', 3.20 (br s, 1H, OH) , 2 . 87-2 <», l)."^^"' 
L0 1); 13 C NMR (CDC1 3 )5 170.2, 165.9, 152.0, 145.7, 130.7, 118.2, 
111.9, 104.2, 68.1, 56.0, 55.6, 54.2, 34.6, 18.8. 

(llaS) -6, 7-dimetho*y-2 (R) - 1 (tert-butyldimethylsilyl) oxyj - 
2,3,5,10,ll,Ua-hexahydro-5,ir-dioxo-lH-pyrrolo[2, l-~yi,4- 

15 ] benzodiazepine (5) 

a tQ 99 n ^4 44 mmol) was added in one 
Solid TBDMS Chloride (8.22 g, hbho-lj ^ 

portion to a solution of 4 (7.23 g, 24.74 nMol) and 
,8 42 c, 123.72 mmol) in anhydrous DMF (75 mL, and allowed to 
stir at room temperature for 16 hours. Tha reaction mixture was 
20 poured into water ,500 mL) and filtered to afford the crude 

Product ,5), which was purified hy recrystallisat.cn from EtOH 

,800 mL, as fine white needles (6.985 g, 17.21 mmol 70 %> . 

MR (2,0 MHz, CDC1 S , 5 10.06 (s, 1H, HH> . 7.37 ... 1H, «H. , 6.68 

... 1H, «, 4.1,-4.14 «m. 1H, 2,, 4.06-4.01 ,m IB. 1 » >. ■ ° 
25 ,s, 3H, OMe,, 3.88 <s. 3H, OMe, , 3.69-3.63 (m, 2H, 

,m, 1H, 1). 2.05-2.0! ,m, !H, 1„ »C HMH ( 67 . 8 MHZ CDC1,, . 

X70.4. 170.2. 165.9, 152.1. 145.8, 145.6, 131.1, 130 7 118-1. 

1U.9. 104.3, 104.1, 69.2, 69.1, 56.0, 55.9, 55.7, 54.3, 54.0, 

35.0, 25.8, 25.7, 25.6, 17.9, -3.0, -3.5, -4.9, -5.0. 
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,11.8, -6, 7-dims t hoxy-2 W -t (tert-butyldlmethylMyll oxyj- 

2 3 5 10,11, Ila-hexahydro-10-f2-<trimethylsily2)etho*ymethylj- 

5 ',ll-dlozo-2H-pyrro2of2,3-cJ fl, 4-Jfienzodiazepine f« 

A solution of 5 (6.50 g, 15.99 mmol) in anhydrous DMF (27.5 mL) 

was added dropwise to a stirred suspension of HaH ,0.22 g 0 

, of a 60 % dispersion in mineral oil, 18.34 mmol) at 0 C and 



39 



T o«= ^iiowrH to stir for 30 minutes. A solution 
reaction mixture was allowed to sin 

of SEM chloride (3.11 mL, 2.93 g, 17.59 H>1) in anhydrous DMF (5 
mL) was added dropwise to the stirred reaction mixture at 0°C and 
allowed to stir at room temperature for 16 hours. The reaction 
5 mixture was poured into water (200 mL) to afford a white 

precipitate, which was extracted with diethyl ether (4 x 300 mL) . 

The organic layer was washed with water (2 x 50 mL) , brine (2 x 
50 mL) and dried over anhydrous MgS0< . Filtration and evaporation 
of the solvent la vacuo afforded the crude product, which was 
10 purified by flash column chromatography using an 80:20 mixture of 
petroleum ether :EtOAc as eluent. Pure fractions were combined 
and evaporated in vacuo to afford the product (6) as a yellow oil 
(7 01 g, 13-1 mmol, 82 %) . 1 H NMR (270 MHz, CDCl 3 ) 5 7.35 (s, 1H, 
ArH), 7.24 (s, 1H, ArH) , 5.52 (d, 2H, J — 9.89 Hz, SEM amino 
15 acetal CH 2 ) , 4.65 (d, 2H, J - 9-90 Hz, SEM amino acetal CH 2 ) , 

4 61-4.56 (m, 1H, 2), 4.23 (dd, 1H, J = 4.40 Hz, 8.24 Hz, 11a), 
3 94 (S/ 3H , OMe), 3.92 (s, 3H, OMe) , 3.68 (m, 4H, SEM 1= CH 2 + 
3), 2.86 (m, 1H, 1), 2.02 (m, 1H, 2) , 0.98 (t, 2H, J - 8.25 Hz, 
SEM 2= CH 2 ), 0.88 (s, 9H, TBDMS t-Bu CH 3 ) , 0.10 (S, 6H, 2 x TBDMS 
20 SiCH 3 ), 0.03 (s, 9H, 3 x SEM SiCH 3 ) , 13 C NMR (67.8 MHz, CDC1 3 ) 5 
170.0, 165.6, 151.8, 147.1, 133.9, 121.5, 111.2, 105.5, 78.1, 
69.6, 67.0, 56.5, 56.2, 56.1, 53.6, 35.5, 25.7, 18.4, -1.3, "4.8. 

(llaS)-6,7-d±metho X y-2(R>-hydroxy-2,3,5,10,ll,Ua-hexahydro-10- 
25 ^-rtrimethylsilyl^thoxymethylJ-S^l-dioxo-lH-pyrrolo^,!- 

c] [1,4-] benzodiazepine (7) 

A solution of 1 H TBAF in THF (19.58 mL, 19.58 mmol) was added to 
a stirred solution of 6 (7.0 g, 13.05 mmol) in THF (50 mL) . The 
reaction mixture was allowed to stir at room temperature for 2 
30 hours and diluted with DCM (200 mL) , washed with water (2 x 200 
mL), brine (2 x 200 mL) and dried over anhydrous MgS0 4 . 
Filtration and removal of excess solvent afforded the crude 
product, which was purified by flash column chromatography using 
50-50 petroleum ether-.EtOAc as eluent. Evaporation in vacuo of 
'35 the pure fractions afforded the product (7) (5.9 g) . ^ NMR (270 

MHz, CDC1 3 ) 5 7.30 (s, 1H, ArH), 7.24 (s, 1H, ArH), 5.52 (d, 1H, J 
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= 9 9 Hz, SEM amino acetal CH 2 ) , 4.68-4.64 (m r 2H, SEM amino 
acetal CH 2 + 2), 4.30 (dd, 1H, J - 5.86, 8.24 Hz), 3.91 (s, 3H 
OMe), 3.90 (s, 3H, OMe) , 3.87-3.51 (m, 4H, SEM 1= CH 2 4 3), 2.95 
(dt 1H, J - 5.31, 13.56 Hz, 2), 2.17-2.08 (m, 1H, 1), 1.02-0.93 
(m ,' 2 H, SEM 2- CH 2 ), 0.03 (S, 9H, 3 X SiCH 3 ) , »C NMR (67.8 MHz, 
CDCI3) 5 169.7, 165.9, 151.9, 147.1, 134.0, 121.1, 111.2. 105.5, 
78.2, 69.1, 67.1, 56.5, 56.1, 53.9, 34.9, 18.4, -1.3. 

a iaS)-6 f l-dij a etho X y-2 f 3 f 5 f 10^1 f lla-hexahydro-10-[2- 
(trim e thylsilyl)ethoxymethyl]-2 f 5 / ll-trioxo-lH-pyrrolo(2 / l- 

c] [1,4-] benzodiazepine (8) 

Anhydrous DMSO (3.28 g, 41.94 mmol) in dry DCM (20 mL) was added 
dropwise over 5 minutes to a stirred solution of oxalyl chloride 
(10 48 mL of a 2 N solution in DCM, 20.97 mmol) under a nitrogen 
i atmosphere at -50°C. After stirring for Sminutess, a solution 7 
(5 90 g, 13.98 mmol), in dry DCM (45 mL) was added dropwise over 
45 minutes to the reaction mixture, which was then stirred for a 
further 45 minutes at -50°C. TEA (9.89 g; 97.87 mmol) was added 
dropwise to the mixture over 15 minutes followed by stirring for 
0 a further 15 minutes. The reaction mixture was left to warm to 
room temperature, diluted with H 2 0 (150 mL) and DCM (100 mL) . The 
organic phase was washed with 1 N HC1 (2 x 100 mL) , water (2 x 
100 mL), brine (2 x 100 mL) and dried over MgSC,. Filtration and 
evaporation afforded the crude product (8), which was purrfxed by 
5 flash column chromatography using 50:50 petroleum ether (40- 

60°) :EtOAc as eluent. Evaporation of the pure fractions in vacuo 
afforded the product (4.33 g, 10.3 mmol, 74 %) . X H NMR (270 MHz, 
CDCI3) 5 7.30 (s, 1H, ArH) , 7.24 (s, 1H, ArH) , 5.60 (d, 1H, J - 
9 89 Hz, SEM amino acetal CH 2 ) , 4.69 (d, 1H, J - 9.89 Hz, SEM 
30 amino acetal CH 2 )/4.62 (dd, 1H, a - 9.89. 3.12 Hz, 11.), 4.26- 
4.19 (m, 1H, 3), 3.95 (s, 3H, OMe), 3.94 (s, 3H, OMe, 3.81-3.49 
(m , 4H, SEM 1= CH 2 + 1 + 3), 2.82-2.71 (m, 1H, 1), 0.95 (t, 2H, J 
= 2 01 Hz, SEM 2= CH 2 ), -0.04 (s, 9H, SEM CH 3 ) , »C NMR (67.8 MHz, 
CDCI3) 5 206.8, 168.8, 165.9, 152.4, 147.5, 134.0, 120.4, 111.1, 
35 105.6, 78.2, 67.2, 56.2, 54.8, 52.3, 37.3, 18.3, -1.3. 
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aiaS)-5,10rllrlla-tetrahydro-l,8-diia e thoxy-10-[2- 
(trimethylsilyl)ethoxymethyl]-2- 

f I (trlfluorcnttyl) sulphonyl] oxyj -5 ,11-dloxo-lH-pyrrolo [2 , 1- 
cj [1,4] benzodiazepine (9) 

Anhydrous pyridine ,0.46 mL, 0.452 g, 5.73 was added « one 

portion to a vigorously stirred solution of 8 (2.0 g, 4.77 mmol, . 
in anhydrous DCM <100 ml) and the fixture left to .tax for 10 
minutes at room temperature, Anhydrous triflio anhydrzde ,1^25 
mL, 1.48 g, 5.25 1. was added guicxly, in one portron and the 
reaction mixture was allowed to stir at room temperature for 4^5 
hours . The darkened, homogenous reaotion mixture was poured rnto 
cold saturated NaHCO, <200 mL, and the mixture was extracted wztn 
DCM (3 x 50 mL, . The organic layers were combined, washed wrth 
„atar <2 x 200 mL) , brine (2 x 200 mL) and dried over anhydrous 
HgSO.. Filtration and evaporation afforded the crude product 
which was purified by flash column chromatography usrng 80:20 
petroleum ether:Et 0R c as eluent. Evaporation of the pure 
tactions in vacuo afforded the product ,9, as , yel ow orl U.79 
„ 3.25 «ol. 68 %,. 1 H NMR (270 MHz, CDCM 5 7.29 s 1H, W) , 
23 ,s, 1H, «, 7.15 ,t, 1H, Ha, H3, 5.53 <d 1H * 

. 10.07 Hz, SEM amino acetal CH 2 ) , 4.68 (d, 1H, J m 9.89 Hz, SEM 
amino acetal CH 2 ) . 
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• ~r niaSl-1 lla-dihydro-7 , 8-dimethoxy-2 
Example 1: Synthesis of (HaS) X,iia cu. y 

na pt hyl)-SH-pyrrolo[2,l-o] [1 , 4]benzod±a Z e P i.n-5-one (11) 

SEM 



- (2- 



SEM 
N-f H 



MeO 



OTf 



MeO 



MeO 




10 



15 




,a) 2-<2-naptbyl>-7,e-dinet h o X y-10-<2-tri»etWsilanyl- 
ithoxjwethyl)-l,lla-di6Ydro-5H-pyxroIof2,l-cJf2,4;t>enzodiazepjne- 



SodiL'carbon.te OOO mg, 2.83-.1). 2-napthaleneboronic acid 
(171 mg, 0.99 iratiol) and 

tetr.*is(triphenylphosphine)palladiu»,0>,30 mg, were added 
solution of 9 (517 mg. 0.93 mmol, in ethanol/water/benzene 
(20 /20/20 mL, and stirred at room temperature for 96 hours The 
section mixture was diluted with ethyl acetate ,220 mW and 
washed with water ,50 «L> end brine ,50 mL, and drred over 
m agnesium sulphate . The crude product was purrf red by f lash 

• ~ ans. oi-v>vl acetate in hexane as eiueni. 
column chromatography using 70% ethyl acetate 

to give the pure product 10 as a yellow oil. 

i H (250 MHz, CDCla) NMR : 6 7.85-7.71 (m, 4H, Ar-H x 4), 7.67- 
7 54 (m, 2H, H-3, Ar-H x 1), 7,52-7.39 (m, 3H, H-6, Ar-H x 2) , 
7 33-7.27 ( s, 1H, H-9), 5.58 (d, IB. 9.~ «z, 

4 79-4.66 (m, 2H, N -CH 2 -OSEM x 1, Ml.) , 4.11 (d. 1H, J - .16.28 
" H , x J, 3.97 & 3.95 (2s, 6H, 7- & 8- MeO), 3.90-3.65 (m, 

o«. 3 28 (dd 1H, J - 10-92, 16.23 Hz, H-l X 1), 1-00 
2H, 0-CH 2 ~SEM) , 3.28 (dd, xn, 

2H , J - 8.23 Hz, CH 2 -SEM), 0.04 (s, 9H, SEM-Si (CH 3 ) 3) • 



20 



25 
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(b) (HaS) -l,lla-d±hydro-7,8-dimetho X y-2- (2-napthyl) -5H- 
pyrrolo[2,l-c] [l,4]benzodlazep±n-5-one (ID 

Solid sodium tetraborohydride (654 mg, 17.2 mmol) was added xn 
three portions at two hourly intervals to a stirred solution of 
10 (971 mg, 1-8 mmol) in a mixture of anhydrous ethanol (19 mL) 
and anhydrous THE (37 mL) and left to stir at room temperature 
for 24 hours. The reaction mixture was diluted with water (50 
mL ) and extracted with ethyl acetate (3x 50 mL) . The organic 
layers were evaporated in vacuo. The crude product was treated 
with ethanol (50 mL) , water (30 mL) and silica gel (18.3 g) and 
left to stir at room temperature for 24 hours. The reaction 
xnixture was filtered and the product extracted with ethyl acetate 
(3 x 50 mL) . The organic layers were combined and washed wrth 
brine (20 mL) and dried over anhydrous magnesium sulphate. 
Filtration and evaporation in vacuo afforded the crude product, 
which was purified using flash column chromatography with a 70- 
50 % hexane in ethyl acetate as eluent. Pure fractions were 
combined and evaporated in vacuo to afford the pure product 11 as 
a yellow powder (151 mg, 0.39 mmol, 22 % yield). 
>H (250 MHZ,-CDCL 3 ) NMR: 5 7.9 (d, 1H, J = 4.0 Hz, Hll) , 7.86- 
7 .40 (m, 8H, H3, H6, 6 x Ar-H) , 6.85 (s, 1H. B9) , 4.48 (dt 1H, 0 
= 4.9, H.2 Hz, Hll.), 3.98 & 3.95 (2s, 6H, 7- & 8-MeO) , 3.80- 
3.46 (m, 2H, 2 x HI). 
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Sample 2: Syndesis of (HaS) -1 , lla-dihydro-7 ,8-di»etho*v-2- <4- 
t er t -butylbenzene>-5H-pyr r olo[2,l-c] [1 ^benzodiazepin-5-one (13) 

SEM _ SEM 
I O 

,N— // h MeO. 



MeO 
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MeO^^y-N 



O 
13 
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The 



(a) 2- (4-tert-butyltenzene, -1 , 8-dimetho.y-lO- ( 2-tri m et h yls±lanyl- 

SodxL-rbonate (302 mg, 2.85 mmol), 
acid (177 mg, 0.99 mmol) and 

tetra k is(triphenylphosphine)palladiu m (0)(30 mg) were added to 
solution of 9 (502 mg, 0.91 mmol) in ethanol/water/benzene 
(20/20/20 ml) and stirred at room temperature for 41 hours 
reaction mixture was diluted with ethyl acetate (220 mL) and 
washed with water (50 mL) and brine (50 mL) and dried over 

■■ v, — The crude product was purified by automated 
magnesium sulphate. The cruae prouu^ r 

flash column chromatography using a 100 - 50 % hexane in ethyl 
acetate gradient system as eluent to give the pure product 12 
(408 mg, 0.76 mmol, 84 % yield). 

>H (250 MHz , CDCla) NMR : 5 7.45-7.29 (m, 7H, H-6 * H-3 * H-9 * 
Ar-H X 4), 5.56 (d, 1H, J - 9.97 Hz, N -CH 2 -0SEM x 1), 4.78-4 55 
" 2H, N -CH 2 -OS E M x 1, H-lla), 4.04-3.60 (m, 9H 7- * « an 
H-l x 1 * 0-CH 2 -S EM) , 3.16 (dd, 1H, J = 10.35, 15.52 Hz, H 1 x 1) , 
1 38-1 21 (multiple singlets not all Me groups equivalent, 9H, 
tert-Bu (CH 3 )3>, 1-04-0.80 (m, 2H, CH.-SEM) , 0.09- (-0.04) 
(multiple singlets not all Me groups equivalent, 9H, SEM-Sr(CH 3 )3 
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, ,coi m n 14 0 mmol) was added m tnree 

sodium tetraborohydrrde (S31mg, 14.0 mmoxj 

po rtions a, 0, 5 and 30 hours to a stirred solution of « (398 
5 mg , 0.74 -ol) in a mixture of anhydrous ethanol ,7 5 *U and 
Anhydrous THF (15 mL, . The reaotion mixture was allowed to strr 
« room temperature for 44 hours. The react ion mrxt ure was 
dil uted with water ,50 mL> and extracted wrth ethyl -et,te J3x 
50 * . The organic layers were evaporated a vacao^ The crude 
„ * treated with ethanol ,50 mL, , water ,25 ml) and 

0 fiUcI Ve ,7 5 " and left to stir at room temperature for 2 4 

- - — - ~ -Vtrr teTrglTlayera 
extracted with ethyl acetate ,3 x 50 mL) \ 
„ere combined and washed with brine ,20 mL, and dried over 
15 anhydrous magnesium sulphate, nitration and evaporatxon rn 
JL afforded the crude product, which was purified usin, 1 
col umr, chromatography with a 70,-50% hexane in ethyl 
eluent. Pure fractions were combined and eva P < « » < 
afford the pure product !3 as yellow glassy solrd ,193 mg, 0.49 

20 mmol, -67 % yield). 

>„ ,250 MHZ, CDCL,) NMR: 5 7.89 ,d, 1H, J - 3.94 Hz, Hll>. 7.39 
, 17 ,m, 6H. H3.H6, 4 X Ar-H) , 6.84 <s, IB, 8»> , 4.49-4^5 ,m, 

HUa), 4.05-3.51 ,m, 7H, 7- . 8-MeO, HI,. 3.49- 3.33 ,m, 1H, 
HI), 1-34 (s, 9H, Ar-tBu). 
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Example 3: Synthesis of (HaS) -1 , lla-dxhydro-7 ,8-dimethoxy-2- (4- 
ch lorobenzene)-5H- P yrrolo[2,l-c] [1 ,4]benzodia Z epin-5-one (15) 

SEM _ 



MeO 



MeO 



? EM o 




OTf 



MeO 



MeO 




MeO 



MeO 




(a) 2- (4-chlorobenzene) -7, 8-aimeiznoxy ±v \ 

5-one (14; . . 

Sodium carbonate (300 mg, 2.83 mmol) , chlorobenzeneboronrc acxd 

(155.28 mg, 1.00 mmol) and 

tetrakis(triphenylphosphin e )palladium(0)(30 mg) were added to 
D solution of 9 (500 mg, 0.90 mmol) in ethanol/water /benzene 

(20/20/20 mL) and stirred at room temperature for 46 hours at 
which point additional chlorobenzeneboronic acid (155 mg, 0.99 
„!) and t etra3cis(triphenylphosphine)palladium(0)(30m g) were 
added. The solution was stirred for a further 44 hours and then 
5 diluted with ethyl acetate (220 mL) and washed with water (50 mL) 
and brine (50 mL) . The solution was dried over magnesium 
sulphate and purified by flash column chromatography usxng 70% 
ethyl acetate in hexane as eluent to give the pure product 14 as 
a brown oil (411 mg, 0.86 mmol, 95 % yield). 
,0 1 H (250 MHz , CDCls) NMR : 5 7.46-7.22 (m, 7H, H-3 & H-6 * Ar-H x 4 
& H-9), 5.55 (d, 1HJ = 9.92 Hz, N -CH 2 -0SEM x 1), 4.77-4.61 (m 
2H, N-CH 2 -OSEM x 1 * H-lla) , 4.01-3.87 (m, 7H, H-l x 1 and 7- 
MeO), 3.87-3.63 (m, 2H, 0-CH 2 -SEM) , 3.13 (ddd, 1H, J - 2.09, 

„ -1 t n n qr ft- 2H J = 8 .20 Hz, CH 2 -SEM) , 
10.56, 16.15 Hz, H-l x 1), 0.98 (t, zn, u 

25 0.03 (s, 9H, SEM-Si(CH 3 ) 3 ) . 
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pyrrolo[2,l-c][l,4]*>en Z od±az e pin-5-one (15) 

v. Wride (531mg, 14 hbdoI) was added in three 
Sodium tetraborohydrxde (531 g, solutio n of 14 (386 

portions at 0, 5 and 12 hours to a stxrred solu 

• a fixture of anhydrous ethanol (7.5 mL) ana 
mg , 0.75 mmol) xn a ° * room tempe rature for 24 

anhyd rous TH. ( "^ u f ;;: ed with wate r (50 mL) and 

hours. The reactxon mxxture was avers we re 

iiuuj- o organic layers wcj-c 

. . , acetate (3x 50 mi,). ^ ^ 

extracted with ethyl acecat d ith e thanol 

Thp crude product was treated wiui 

evaporated in vacuo. The crude p ir at 

(50 mL), water (25 mL) and silxca gel (7 5 g) and 

r oom temperature for 24 hours. The reactxon mxxture 

^ overacted with ethyl acetate (3 x =>u mu; 
and the product extracted wi * and 

oraanic layers were combined and washed wxth brxne (2 
organxc iciy . h t Filtration and 

dried over anhydrous magnesium sulphate. *x 

■„ vacuo afforded the crude product, which was 
evaporation in vacuo arrora 70 %-50% hexane 

•*«*d usinq flash column chromatography with a 70* 
purified using txa fract ions were combined and 

in ethyl acetate as eluent. Purefrac 

evaporated in vacuo to afford the pure product 15 as yel 
solid 07.5 mg, 0.26 -*L. 35 , , yield) ^ ^ 

HI (250 MHZ, C0CL3) «. «? -9 0 (d, , ^ ^ ^ 

1H, H6), 7.50 (broad s, 1H, H3) 7 3 ^ & ^ 

1H H9), 4.44 (ddd, 1H, J = 4.1, 5.3, 11.4 , 
(2S , 6H , 7 - & 8-MeO), 3.58 (ddd, J = ^ ' ' 

HI), 3.4 (ddd, 1H, J -1-7. 5.4, 16.3 Hz, Hi). 
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Example 4: Synthesis of (UaS) -1 , lla-dxhydro-7 ^-dixnethoxy-Z- (4 
fluorobenzene)-5H- P yrrolo[2,l-cl [1 , 41benzodiazepin-5-on e (17) 

SEM 



f EM o 



MeO 
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MeO 



MeO 




(a) 2- (4-fluorobenzene) -7 ,8-d±methoxy-10- f 2-triinethy25ilany2- 
ethoxy 1 nathyi;-l,lla-dihydro-5H-pyrrolo f 2,l-cJ f l, 4 7be nZ odiazepine- 

5-one (26; t 
sodium carbonate (308 mg, 2.91 mmol), 4-f luorobenzeneboronxc ac.d 
(139 mg, 0.99 mmol) and tetrakis (triphenylphosphine) palladium^) 
(30 mg) were added to a solution of 9 (500 mg, 0.90 mmol) in 
ethanol /water /benzene (20/20/20 mL) and stirred at room 
temperature for 93 hours. The reaction mixture was diluted with 
ethyl acetate (220 mL) and washed with water (50 mL) and brine 
(50 mL) and dried over magnesium sulphate. The crude product was 
purified by automated flash column chromatography using a 100 
50 % hexane in ethyl acetate gradient system as eluent to give 
the pure product 16 as a yellow oil (441 mg, 0.88 mmol, 99 % 
yield) . 

>H (250 MHz, CDCI3) NMR : 8 7.45-7.32 (m, 5H, H-6 & H-3 & Ar-H^x 
2), 7.27 (s, 1H, H-9), 7.04 (t, 2H, Ar-H x 2), 5.56 (d, 1H, J - 
9.80 Hz, N -CH 2 -0SEM x 1), 4.72 (d, 1H, J - 9-49 Hz, N-CH 2 -OSEM x 
1), 4.65 (dd, 1H, J- 3.28, 10.17 Hz, H-lla) , 4.04-3.88 (m, 7H, 
7- & 8- MeO and H-l x 1) , 3.88-3.64 (m, 2H, 0-CH 2 -SEM) , 3.14 
(ddd, 1H, J = 2.26, 10.57, 16.25 Hz, H-l X 1), 0.99 (t, 2H, J = 
8.33 Hz, CH Z -SEM), 0.03 (s, 9H, SEM-Si (CH 3 ) 3) • 
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^-x. 7 o Him^thoxv-2- (4-fluorobenzene) -5H- 

(b) (llaS)-l,lla-dihydro-7.,8-dimet:noxy 

nyrrolo[2,l-c} [1 , 4]benzod±azepin-5-one (17) 
Sodium tetraborohydride (201mg, 5.3 mmol) was added in two 
portions at 0 and 5 hours to a stirred solution of 16 (429 mg, 
0.861 -ol) in a mixture of anhydrous ethanol (8. .6 mL) and 
anhydrous THF (17.2 mL) . The reaction mixture was allowed to 

* r>A Hr^r-d The reaction mixture was 
stir at room temperature for 24 hours. The rea 

diluted with water (50mL) and extracted with ethyl acetate (3x 
50mL). The organic layers were evaporated in vacuo. The crude 
product was treated with ethanol (50 mL) , water (25 mL) and 
silica gel (8.6 g) and left to stir at room temperature for 24 
hours. The reaction mixture was filtered and the product 
extracted with ethyl acetate (3 x 50 mL) . The organic layers 
were combined and washed with brine (20 mL) and dried over 
anhydrous magnesiuxn sulphate. Filtration and evaporation « 
vacuo afforded the crude product, which was purified using flash 
column chromatography with a 70%-50% hexane in ethyl acetate as 
eluent. Pure fractions were combined and evaporated in vacuo to 

. i "7 =o a vellow glassy solid (139 mg, 0.39 
afford the pure product 17 as a yeixow gi x 

mmol, 46 % yield) . 

>„ ,250 MHZ, CDCL,, -MR: 8 7.90 (d, 1H, J - 3.9 Hz, all) , 7 .S3 (3, 
!„, H6), 7.45 ,.. 1H, H3). 7.40-7.20 (■». 1H. 1 X Ar-H> , 710-6. 0 
(m , 3„, 3 X Ar-H) , 6.84 (s, 1H, H9, , 4.43 (ddd, IB. J - 4.1. »•«. 
U., HZ, Hlla), 3.97 . 3.95 <2 3 , 6H, 7- . 8-HeO) , 3.69- 3.50 <m, 
i 1H, HI), 3.39 (ddd, 1H, J - 1-5, 5.3, 16.3 Hz, HI). 
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, * c ^ es is of (llaS)-l,Ha-dihydro-7,8-dimethoxy-2-(2- 
Example 5: Synthesis or , 

„et* y lbe„ze M >-5 H -pyrroloC2,l-=l U ,41ben*o dia*epin-5-o„e (19. 

SEW! 
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s i a Him(*thoxv-10- (2-trimethylsilanyl- 
2-(2-methylbenzene)-7,8-dimetnoxy j-u i 

sH'cloaate ,300 mg, 2.83 2-met h yl— oronic acid 

(135 mg, 0.99 mmol) and 

Ltra k is(triphenylphosphine)palladiu m (0)(30 rag) were added to 
solution of 9 (500 m g , 0.90 mmol) in ethanoi/water benzene ^ 
(20/20/20 mL) and stirred at room temperature for 20 hours 

ction mixture was diluted wit, ethyl acetate (200 mL) and 
washed with water (50 mL) and brine (50 mL) and drxed over 
washed wxtn product was purified by automated 

magnesium sulphate. The cruae , 

«Lh column chromatography using a 100 - 30 , hexane » ethyl 

acetate gradient system as eluent to give the pure product !8 aa 

a yellov oil (439 mg, 0.89 mmol, 98 % yield) . 

>» (2 50 «BZ, C0C1,, KM* : . 7.44-7.09 ,m, 7H, 

«-„ x „. 5.59 (d, 1H, ,-9.97 Ha, »-CH 2 -0SE« X »> '™£° 
m , 2 „, N— CH2— OSEM X 1, H-lla,, 4.0,-3.60 <m 9H 7- . .- MeO O 
r.« SEM H-l X 1), 3.22 (dd, 1H, J - 10-23, 16.31 Hz, H 1 X 1) , 
CH,-SE M , H I >, x. 06-0. 79 (m, 2H, C^-SEM) , 0.03 

2.48 (Broad s, 3H, Ar ^ lie;, 

(broad s, 9H, SEM-Si (CH 3 ) 3) • 




^ 0 .. nyv- ?- (2-methylbenzene) -5H 

Sodium tetrahorohydrid. (500 m g 13, -1> ^ (429 

a . n 5 and 12 hours to a stirrea 

portions at 0 5 •»* anhy drous ethane! (8.5 *M and 

ng, 0.87 mmol) in a mixture o y a iio»ed to stir 

anhy drous rHr ,17.5 " ^ Bt ^."^ 1 « mixture w.s 
at ro om temperatu o^2 ^ ^ acetate „ x 

diluted with water low » vacuo. The crude 



diluted witn waiw v~~ . vacuo The cru< 

„^ 1 avers were evaporated in vacuo. 
50 mL) . The organic layers w 5 mL) and 

extracted with ethyl acetate (3 X SO mL, ^ 

— ^ " a tl Phlte Tltr tion and evaporation in 

l5 enhydrous m ag nesrum uhich purified usi n, flash 
vacuo afforded the crude pro as 

r t "ZZZZ^ and evaporated in vacuo to 

"d the .le product » as a yellow solid (7, m 9 , 0. 2 1 -1. 

20 25 % yield). _ Mj H11)( 7 .55 (., 

•H (250 MHZ, CDCL 3 ) HMR: 8 7.92 (d. 1H, ^ 

V 4 7 11 4 Hz i Hlla), 3.97 i 3.95 (2s, 6H, 7- . 8 
(dt, 1H, J - 4.7, • a . 52 , 16 .2 Hz, 

M eO), 3.78- 3.59 (m, 1H, HI), 3.4/ 
25 HI), 2.49 (a, 3H, Ar-CH 3 ) . 



52 



6= synthesis °< <i 1 -,- 1 , 11 a- dihy a I c-7.B-a i »»^- 2 -( 2 - 

..thylbenzenej-SH-pyrrolo^.l-c] t^lbensodiazepm-S-one (21) 
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fa) 2- (4-ethylbenzene) -7,8-dimetnoxy ±u ^ 

SoIiL 'carbonate (302 mg, 2.85-oD. 4-ethylbenzen«boronic acid 
,149 mg, 0.993 -1) and tetrakis (triphenylphosphine, 
palladium, ,30 „, were added to a solution of 9 (501 *g. 0 91 
, Loll in ethanol/water/benzene (20/20/20 ^ and sirred at too. 
Clratoxe for 41 hours. Tha reaction mixture was diluted wrth 
ethyl acetate ,220 1, and washed with water ,50 -W and brrne 
,50 and dried over magnesium sulphate. The crude product was 

purified by automated flash colu™ chromatography usrng a 100 
5 50 % hexane in ethyl acetate gradient system as eluent to give 
the pure product 20 as a yellow solid ,342 mg, 0.67 mmol, 74 % 
yield) . 

>H ,250 HHZ. CDC1 S , »M R : 5 7.46-7.15 <m, 7H, H-6 . H-3 . ^ H-9 . 
, r _„ x 4), 5.57 (d, 1H, J = 9.88 Hz, N-CH.-OSEM X 1), 4.72 (d, 1H, 
,0 7- \ 9 Hz. «-CH 2 -OS EM X D, 4.65 ,dd, 1H, 

4.03-3.88 ,m, 7H, 7- . 8- MeO and H-l X 1, . 3.88- 3 64 
2 H, O-CH2— SEM) , 3.16 (dd. 1H, 10.84, 16.51 Hz, H-l X , . 2 . 

, a 2H j = 7.68 HZ, Ar-CH;-Me X 2), 1.24 (t, 3H, J- 7.57 Hz, 
£h 2 -c*>, 0.99 (t. 2H, a - 8.29 Hz, CHj-SEM) , 0.04 (s, 9», SEM- 

25 Si(CH 3 ) 3 )- 
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sodium t e«ahor=h y d r ide ,50. mg, "^'^^ o£ 20 (429 

, n * a „H 12 hours to a stirreu OUJ - 
i portions at 0, 5 and \i nou , {8 5 mL) and 

, * • m-ivi-nre of anhydrous ethanoi ^o-^ uuj/ 

n m mrnol) in a mixture jr _»-■«•»- 

mg , 0.8/ mmoj.; _j„ t „ re was allowed to stir 

v, Hrons THF (17.5 mL). The reaction mixture was 
anhydrous THF reac tion mixture was 

at room temperature for 24 hours ^ 

. „ wUh water (50 mL) and extracted with etnyi a 
diluted with water ( evaporat ed in vacuo. The crude 

0 50 mL). The organic layers were P ^ 
pr oduct was treated with ethanoi (50 mL) , ice « 

ael C8 5 g) and left to stir at room temperature c 
! The reaction mixture was filtered and.the product 

" ted with ethyl acetate (3 x 50 mL) . The organic layers 
extracted with ethyl ^ 

anhydrous magnesium sulphate. F puri£ied using flash 

racuo horded the ^^XZ In eth y l acetate as 

TT t and e„ ted „ . T 

eluent. Pure imuuj. mmol, 
20 afford the pure product 21 as a yellow solid (74 mg, 

" % yiSld) ' i? R 7 92 (d 1H, J - 3.9 Hz, HID, 7.55 (s, 

» H (250 MHZ, CDCL 3 ) NMR: 5 7 . 92 (d, 1H, g 

1H H6), 7.34-7.14 (m, 5H, H3 f 4 x Ar-H) , 6.85 (s, 1H, >, 

/i 7 ii 4 Hz Hlla), 3.97 ft 3.95 (2s, 6H, 7- & 8 
(dt, 1H, J = 4.7, 11-4 Hz, Hll U ^ R1) # 

MeO), 3.78-3.59 (m, 1H, HI), 3.47 (dd, 1H, 



25 

2.49 (s, 3H, Ar-CH 3 ) 
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Exa »ple 7: Synthesis of (HaS, -1 , Xla-d^dro-7 ,8-^0^-2 
thi o P hene)-5H-pyr r olo [ 2,l-cl t l,4]benzodia Z e pi n-5-one (23) 

MeCk /^/ N ^f H MeO 
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OTf 
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fa) 2- (2-thiophene) -7, 8-dimeznoxy i 

11 J-«yI, -1 , lla-dihydz-o-SK-pyxrolo,*, 1-c, f 1 , .J*-.—.-— 

5-one {'.22 J . . , 

«,« o 88 mmol), 2-thiopheneboronic acid 
Sodium carbonate (305 mg, 2.88 mmol), v ladium ( 0 ) 

(127 mg, 0.99 mmol) andtetraKi S <triphenylphosphine) palladium(O) 

VJ " £ y ' . . . nf q f50 o ma, 0.90 mmol) in 

(30 mg) were added to a solution of 9 (500 mg, 

ethanol/water/benzene (20/20/20 mL) and stirred at room 

1 for 164 5 hours and refluxed at 80°C for a further 4 

::r = „ ^ « -n*- ^ «oo 

r „d washed with — <50 -M and hrine <50 -M ana dried 

over magnesium Ihe Pr ° dUCt r 50 t hexane 

automated flash column chromatography using a 100 - 50 . — 
in ethyl acetate gradient syste m as eluent to give the pure 
product 22 as a yellow oil (353 mg, 0.73 -ol, 80 * yield . 

c t -5Q i, in H-6), 7.32-7.17 (m, 3H, 
*H (250 MHz, CDCls) NMR : 7.39 (s, 1H, 

H 3 H-9 Ar-H x 1), 7.06-6.94 (m, 2H, Ar-H X 2), 5.56 (d, 1H, J 

. 71 , d 1H j= 9.91 Hz, N-CH 2 -OSEM x 
= g 97 Hz, N-CH 2 -OSEM x 1), 4.71 (d, 1H, O 

„ 4.64 dd, 1H, ,- 3.51, 10.56 Hz, H-lla, , 

" . 8- »eO, H-l X 1), 3.BS-3.63 ( ». 2H, O-CH.-SEM, , 3.1. («, 
1H , J - 2.38, 10.76, 16.11 Hz, H-l K D, 0.99 (t, 2H, J - 8.24 
Hz, CH 2 -SEM), 0.04 (s, 9H, SEM-Si (CH 3 ) ,) . 
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10 



15 



p yrrolol2,l-c)[l,*J*>°nzo<iiazee±r,-5-one (231 

j • j /con^rr 13 7 mmol) was added m tnree 
Sodium tetraborohydride (520mg, 13.7 mmo 

oortions at 0, 7 and 14 hours to a stirred solution of 22 (333 
1 0 69 L ) m fixture of anhydrous ethanol (6.9 mL) and 

^ H . ™ (13 8 mL) and left to stir at room temperature for 
TZZ 1 r action mixture was diluted with water- 

and ext acted with ethyl acetate (3x 50 mL) . The organic layers 
and crude product was treated wlt h 

were evaporated m vacuo and ^ tQ 

i i en mT^ water (25 iru-i) ana s>-lj-j-^« ^ 
ethanol (50 mL) , wa reaction mixture was 

stir at room temperature for 24 hours, 
filtered and the product extracted with ethyl 

!L The organic layers were combined and washed with brine (20 
mL) . Tne orgsiu^ j eiilnh _ te Filtration and 

mL ) and dried over anhydrous magnesium sulphate. Fx 

Lration in vacuo afforded the crude product, which was 
evaporation in v*^ 70%-50% hexane 

purifi.d using flash col»» proctography with a 70% 50 

i ,-=r,+- Pure fractions were combined ana 
in ethyl acetate as eluent. Pure fr 

evaporated in vacuo to afford the pure product 23 as yell 



20 



soli d (49.6 mg, 0.15 -ol. 2^ L% yield). ^ 
MS (ES) m/z(relative intensity). 389.2 U*) , 



194.3 (100) . 
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Biological assay act±vity of the compounds synthesised, 

m order to determine the activity or r 

^nr.fts crowing subcutaneously in serial 
<?olid human tumour xenografts growiny 

solia num (Naval Medical Research 

lh an enzyme cocKtail consisting of collagenase lU/ml, 
Sigma), DNAse 1 (125 U/ml, Roche), hyaluronidase (1000 U/ml, 
Sigma,, , 1} in RPMI 16 40-Medium (Life 

Sigma) and dispase 11(1-0 u/mi through 
Technologies) at 37°C for 30 minutes. Cells were pa 
sieves of 200 pm and 50 m mesh size and washed twice with 
sterile PBS-buffer. The percentage of viable cells was 
determined in a Neubauer-hemocytometer using trypan blue 
exclusion. The cells generated were as follows: 



Breast MACL MCF7 
Renal 9442 
Lung 62 9L 

Melanoma MEXF 462NL 

The clonogenic assay was performed in a 24-well format according 
to a modified two-layer agar assay introduced by Hamburger, A.W. 
and Salmon, S.E., Science, 197, 461-643 (1977). The bottom layer 
consisted of 0.2 ml/well of Iscove's Modified Dulbecco' s Medium 
(supplemented with 20% fetal calf serum and 1% gentamicin) and 
0.75% agar. 4 X 10* to 8 x 10 4 cells were added to 0.2 ml of the 
same culture medium supplemented with 0.4 % agar and plated in 
24-multiwell dishes onto the bottom layer. The test compounds 
were applied by continuous exposure (drug overlay) in 0.2 ml 
culture medium. Each dish included six control wells containing 
the vehicle and drug treated groups in triplicate at 6 
concentrations. Cultures were incubated at 37 °C and 7.5% C02 in 
a humidified atmosphere for 8-20 days and monitored closely for 
colony growth using an inverted microscope. Within this period, 
in vitro tumour growth led to the formation of colonies with a 
diameter of >50 urn. At the time of maximum colony formation, 
counts were performed with an automatic image analysis system 
(OMNICOM FAS IV, Biosys GmbH) . 24 hours prior to evaluation, 
vital colnies were stained with a sterile aqueous solution of 2- 
(4-iodo P henyl)-3-(4-nitrophenyl)-5-phenyltetrazolium chloride (1 

mg/ml, 100 ul/well) . 

The IC 50 values of the test compounds were determined by plotting 
compound concentration versus cell viability. 

The following compounds (Cooper. N. , et al . , Chem. Comraun., 16, 
1764-1765 (2002) and WO 00/12508) were tested as comparisons: 
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The results are as shown in the following tables. 



TaJble I - Breast MACL MCF7 



Compound 


IC 50 (nM) 


CI 


19.33 


C2 


1.96 


C3 


1.59 


11 


0.22 


13 


0.26 


15 


0.15 


19 


0.35 


21 


<0.1 


23 


0.35 


Table 2 - Renal RXF 944L 


Compound 


IC 50 (nM) 


CI 


20.50 


C2 


1.50 


C3 


0.89 


17 


0.17 


21 


<0.1 
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Table 3 - Lung 629L 



Compound 


IC 50 (nM) 


CI 


44.50 


C2 


5.00 


C3 


8.00 


19 


1.00 


21 


0.36 



Table 4 - Melanoma MEXF 4 62NL 



Compound 


IC 50 (nM) 


CI 


40.00 


C2 


2.85 


C3 


2.00 



21 <0 . 1 



